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THE PLACE OF AN INDEX IN HEALTH DEPARTMENT 
RECORD KEEPING' 


By Josern W. Mountin, Assistant Surgeon General, and Evetyn Fioox, United 
States Public Health Service 


For some time the United States Public Health Service has pursued 
a series of studies concerning the practices that are followed in selected 
small health departments serving rural counties. Among the devices 
found in use is a record system of conventional type, the main elements 
of which may be enumerated as follows: (1) The daily report, de- 
signed to provide a consecutive list of activities by workers; (2) the 
case record, a form which summarizes service rendered for separate 
conditions; (3) the family folder, a composite record of household 
members served by the department; and (4) the periodic report of the 
department to the sponsoring agencies. 

The foregoing terms of common usage are not truly descriptive of 
actual recording and reporting practice. Departures and omissions 
disclosed by the study probably are no different from those which 
might be found in the performance of a large number of similar or- 
ganizations. A few, however, may be cited for illustrative purposes. 
The daily report was completed with relative faithfulness by nurses, 
to a lesser degree by sanitation officers, and seldom or not at all by 
health officers. A rough check of recording practice showed that 
personnel tended to disregard casual and administrative contacts; 
hence, it is reasonable to suppose that even the entries made by nurses 
accounted for much less than the total service they actually rendered. 

The above observations are in line with the experience of Randall ? 
who, at the beginning of a survey of public health nursing services in 
Cattaraugus County, N. Y., found it necessary to emphasize “the 
importance of the nurse recording for every visit ‘why she visited, what 
she did, and what happened.’ ”’ Special stress upon this procedure 
was necessary because prior to the survey period it had been common 

' From the Division of Public Health Methods, National Institute of Health, in cooperation with the 
Division of Domestic Quarartine. 


? Randall, Marian G.: Public Health Nursing Service in Rural Families. The Milbank Memorial Fund 
Quarterly Bulletin, 9:147 (October 1931). 
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practice not to record “single visits,’’ ‘casual calls,” or “inconsequen- 
tial visits,’ which later were shown. to represent all the service 
received by about half of the nursing clients. 

In the three counties primarily under consideration, case records 
were used almost exclusively for persons admitted to clinic and home 
nursing service. Furthermore, the so-called family folder was little 
more than a filing device for case records opened in connection with 
the field nursing service. Upon tracing the origin of the monthly 
report, it was found to be a list of items prepared by the State health 
authorities for local enumeration. 

After supplementing the local clerical force, the Public Health 
Service was able to improve the consistency of record keeping without 
affecting the extent or character of actual health department service. 
Special attention was given to the daily report in order that a complete 
account of all contacts made by the several professional employees 
might be obtained. Early in the course of the study a preliminary 
inspection of the data was made for the purpose of determining types 
of analysis that might be both feasible and revealing. An obvious 
defect in the prevailing record system from the standpoint of analysis, 
and one that immediately became apparent, was the absence of an 
arrangement for isolating in unduplicated form the recipient of service. 
Thus it was not possible to determine for individuals or situations the 
items of service rendered by the several staff members. The limita- 
tions which such a record keeping system places on analysis can readily 
be appreciated. In an effort to compensate for the deficiency re- 
ferred to, a very simple index card which will be described later was 
devised. 

A more extensive and meticulous analysis of the entire body of 
recorded data furnished objective and quantitative evidence which 
supported earlier impressions concerning the variance between service 
rendered and the way it was recorded. These points have been dis- 
cussed in the series of papers * bearing on this aspect of health admin- 
istration. Bean and Hankla,‘ for example, found that it was the 
actual practice of these health departments to enter on the appropriate 
case records home services for only about two-thirds of their patients 
seen for maternity, tuberculosis, acute communicable diseases, or 
health supervision. Omission of a case record for each person served 


3 (a) Bean, Helen, and Hankla, Emily: Case Records as an Index of the Public Health Nurse’s Work. 
Pub. Health Rep., 52:1077 (August 6, 1937). 

(6) Derryberry, Mayhew: Do Case Records Guide the Nursing Service? Pub. Health Rep., 64:66 (Janu- 
ary 20, 1939). 

(c) Derryberry, Mayhew: Nursing Accomplishments as Revealed by Case Records. Pub. Health Rep., 
54:2035 (November 17, 1939). 

(d) Dean, J. O., and Flook, Evelyn: Neglected Opportunities for Teamwork in County Health Depart- 
ment Practice. To be published in Public Health Reports. 

(e) Mountin, Joseph W., and Flook, Evelyn: The Scope of Personal Service Given by Representative 
County Health Departments. The Health Officer, 4:42 (November 1939). 

* See footnote 3 (a). 
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by these departments may be ascribed in part to the fact that, varying 
with the counties studied, between one-third and two-thirds of the 
nurses’ clients received only one visit. Return visits were even less 
frequently reported by health officers and sanitation officers. Ob- 
viously, under such practice, the maximum need for case records as a 
guide to future service could not have been far reaching. 

The findings of Derryberry ° raise extreme doubt as to the purpose- 
ful usage of even those case records which were completed, for there 
was little evidence that they influenced the nurse either in selection 
of patients for revisiting or in deciding upon the type of service to 
be rendered. No consistency in selection of cases for subsequent 
visits was noted, either among the several areas or between workers 
within each separate county. An item recorded as unsatisfactory on 
the first visit was followed up for some persons and not for others. 
Furthermore, Derryberry * found that a substantial proportion of the 
items designated as unsatisfactory on the first call were given no 
grading whatever on subsequent visits even when a return to the case 
had been recorded. It is assumed that the nurse either failed to 
observe the condition on the repeat visit or forgot to record the change 
which had taken place during the interim between her calls. No 
matter which circumstance prevailed, the value of the record as a 
guide to future service was lowered by the omission which caused a 
break in continuity of the case history. 

According to Dean and Flook,’ the extent to which records were 
used for administrative purposes in these organizations was also 
limited. In no instance was an occasion discernible which would show 
that case records were used for checking and increasing the proficiency 
of personnel under health officer direction. Neither was there any 
indication that the county supervising nurse or the State nursing 
consultant utilized these records for conducting their conferences with 
staff members. 

Such discrepancies between service and the recording thereof 
raised doubt concerning the value of elaborate record systems adopted 
indiscriminately by health departments, regardless of their needs. 
That the experience of the health units studied does not represent 
isolated peculiarities is indicated by the fact that both the Committee 
on Records and Reports to State and Territorial Health Officers and 
the United States Public Health Service,* and the Committee on Ad- 
ministrative Practice * now recognize service entries made on an index 

§ See footnote 3 (6). 
§ See footnote 3 (c). 
1 See footnote 3 (d). 
§ Committee on Records and Reports to State and Territorial Health Officers and the United States 


Public Health Service: Tabulation of Health Department Services. Pub. Health Rep., 51:1236 (Septem- 


ber 4, 1936). ; 
* Committee on Administrative Practice: Appraisal Form for Local Health Work. American Public 


Health Association. New York City, 1938. 
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card or other special form as well as those made on case records, 
particularly if further service is not contemplated. These modifica- 
tions of record keeping requirements, together with the afore-mentioned 
situations found in the three counties receiving special consideration, 
stimulated the interest of this office in the possibility of finding some 
device for supplying the data actually used. 

Inclusion for experimental purposes of an index card (see below) 
proved to be a most satisfactory method of providing essential infor- 
mation for the three areas studied. Index cards are not new to record 
systems; as a matter of fact, an index is a part of most plans but the 
index usually serves either as a lead to the case record file,”® or as an 
integrating device for the general record system." Inasmuch as a 
high proportion of services are not described by entries on case cards, 
it was decided to expand the purpose of the index to identify all 
persons contacted, to describe briefly the service rendered, and to 
allocate services to specific workers. Even with this expansion, the 
form represents a rudimentary type of record which was designed 
primarily to supply the types of needed information not otherwise 
available because of the incompleteness of the case record file. 
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Individual index card. 


In many instances the completion of periodic summary reports 
represents the main use made of records. For this purpose the daily 
reports of individual workers offer the most usable source of informa- 
tion. There are, however, certain analyses of health department prac- 
tices which need to be made at least annually if the program is to be 
guided intelligently. These analyses may relate to performance of 
the health department staff as a whole or to service to individuals. 


1° Walker, W. F.,and Randolph, Carolina R.: Recording of Local Health Work.” The Commonwealth 


Fund, New York City, 1935. 
1 Bellows, Marjorie T., and Ramsey, Geo. H.: Integration of Health Department Records. Am. J. Pub. 
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Such evaluations are facilitated by the inclusion of a record form which 
is characterized by simplicity, yet which offers maximum possibilities 
for the types of analysis that are of distinct administrative value. 
The extent to which the index might be used in supplying information 
that seems most important in routine health administration was given 
particular attention. An index record that may be prepared from 
entries made by staff workers on their daily reports is well equipped to 
furnish the kind of source material required by most health officers 
for study of the activities of the department as a whole. Likewise, it 
would furnish such basic data as commonly appear in annual reports of 
local health organizations. 

A brief description of the items provided for and of the method of 
recording such information on the index form might be given at this 
point. The first section of the card is devoted to descriptive and 
identifying data which are as essential to analysis of service as are 
the service entries themselves. Name of the client and of the head 
of the household (H. Head) should be entered in full, as should the 
location of his residence. For sanitation services the two latter items 
will serve to identify the premises. The recorded date of birth will 
reveal whether a client is an adult, a school child, one of preschool 
age, or an infant. Other information for this section of the card can 
be indicated by the use of a check mark in the appropriate space. 
Correctly placed checks will indicate whether the person served is 
white or colored (W C), and whether a male or female (M F). They 
will also designate the type of community in which his home is located 
(open country or village). The section of the card which constitutes 
a history of services is completed by making the following entries for 
each separate contact: Date of service, place of service (home, school, 
office, clinic), purpose of contact (immunization, physical examina- 
tion, health supervision, sanitary survey, promotion of clinic attend- 
ance, instruction regarding control of communicable disease, arrange- 
ment for admission to sanatorium, etc.), and identification of the 
health department worker (health off., A. B., San. insp., C. D., 
nurse, E. F., etc.). Initials of the person rendering service, in addi- 
tion to his title, are especially important in larger health departments 
where more than one worker of each professional class is employed. 

The index is the only device which permits a record of total service 
to unduplicated individuals, for in no other system is the recipient 
the basis of consideration. 

A client’s card becomes a part of the index file with his first health 
department contact, and all subsequent contacts are recorded thereon. 
Index records may be filed alphabetically according to name of the 
individual served or of the household head, depending on whether the 
department chooses to handle its clients singly or in family groups. 
The alphabetic guide cards might be replaced by a phonetic system, 
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thus facilitating filing and location of records; such a system is espe- 
cially useful where the department has a large clientele. 

From an index record such as the one suggested it is possible to 
obtain a description of every person served by the health department. 
Thus the administrator may procure an actual count of infants, 
preschool children, school children, and adults who are reached by his 
organization during any chosen period of time. He can tell how 
many of these persons are white and how many are colored, as well as 
the sex of each. By comparing the count of clients in the separate 
categories with the total number of each in the population, a health 
officer can calculate the distribution of health department services. 
In addition, he can decide whether lack of balance exists in the selec- 
tion of clients from particular sections of his jurisdiction. 

The index record is a means of determining the total amount and 
the various types of service received by every person brought within 
the range of health department activity. Likewise, it is possible to 
identify those seen for a single purpose or for any given number of 
purposes and to compute the aggregate number of contacts made by 
the complete staff. No other record pattern permits these two types 
of analysis. 

Not only does the index provide a history of services rendered by 
the entire staff, but each item of activity can be assigned to the 
individual worker responsible for its performance. Only the index 
tells a story of the related service of various workers to each client. 
From a record of this kind, the health officer:can learn the degree to 
which his personnel cooperate in their handling of specific conditions, 
and whether the home, office, or clinic is apt to be the place of contact; 
he can also compare the proportion of the population served by the 
several staff members. Finally, the index lends itself to analysis of 
seasonal variation in health department activities, both from the 
standpoint of number of individuals served during specified periods 
and from the aspect of types of work emphasized at particular times. 
These suggested analyses are based on the types of data called for by 
the very simple index card described. The analysis made by Mountin 
and Flook ™ of the scope of personal service rendered by the health 
departments already referred to was based entirely upon information 
provided by this elementary index form. Items designed to describe 
in further detail either the individual or the service might readily be 
included, although each additional item makes record keeping more 
burdensome and complicates the analysis. 

Limitations inherent in the index as a major element of a record 
system must be fully understood. Especially do these limitations 
apply to its use in large health departments where the roster of clients 
attains considerable magnitude-and record files are decentralized. 


1t Bee footnote 3 (e). 
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The apparent simplicity of the sample index card, as judged by its 
size and the small number of items, may mislead the uninitiated into 
believing that the clerical problems of an office are automatically 
solved with its adoption. At most, an index can only simplify record 
keeping and facilitate the completion of uninvolved reports and 
analyses. The form is of limited value unless each staff worker faith- 
fully records every service rendered to individuals and to premises. 
Furthermore, even the primary analyses described in this paper 
necessitate a large amount of sorting of cards and tabulating of data 
recorded thereon. The quantitative data required by administrators 
of small departments for completion of reports could be extracted 
by hand sorting with relative ease. One method of handling the 
card file which would partially mechanize the procedure is the use of 
the marginal punch system. Experience has shown, however, that 
this device is adaptable only to relatively small numbers of cards. 
Access to card punching and mechanical tabulating equipment natu- 
rally expedites the task of analysis. In the larger departments where 
the record system is completely mechanized, the items necessary for 
index purposes could be entered on the control portion of a punch- 
card, while the remaining columns are reserved for a description of the 
service. By the use of mechanical equipment it would be possible to 
allocate the various services to unduplicated recipients who can be 
described in any way that the analyst might desire. 

Characteristics of the index as described in the foregoing discussion 
lead to the opinion that there are several noteworthy advantages to 
its adoption as an element in a record keeping system. The index 
offers a record of total service to unduplicated individuals, thereby 
forming a basis for computing the aggregate volume of work per- 
formed by the health department; it furnishes a description of every 
person with whom the organization made contact; it provides a 
history of the related service of various workers; and it permits 
consideration of seasonal variation in health department activities. 
It must be emphasized that the index is not recommended as a sub- 
stitute for the case record in departments that are disposed to maintain 
and use the more elaborate system. It is conceivable, however, that 
under certain conditions the index may be the primary reference file. 


STUDIES OF SEWAGE PURIFICATION 


XI. THE REMOVAL OF GLUCOSE FROM SUBSTRATES BY ACTIVATED 
SLUDGE ! 


By C. C. Rucnuort, Principal Chemist, J. F. Kacumar, Junior Chemist, and 
W. ALLAN Moore, Junior Chemist, United States Public Health Service 

In a previous paper (1) of this series, the sewage organic matter 

adsorption, removal, and oxidation characteristics of activated sludge 


1 From the Stream Pollution Investigations Station, Cincinnati, Ohio. 
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were studied. The very high rate of removal of the organic matter of 
sewage by the sludge and the portion of this removal which could be 
accounted for by biochemical oxidation was determined, From 2.5 
to 30 percent reduction of the total carbonaceous oxygen demand 
(L value) of the substrate was accomplished by biochemical oxidation 
in the first 30 minutes of the process. The remarkable similarity 
between the purification accomplished by the biologically simple pure 
culture zoogleal sludge and the normal activated sludge was noted. 

In these studies synthetic sewage containing true colloidal and 
soluble organic material only, and domestic sewage containing organic 
material in all states of dispersion were used. It has been shown that 
only about 6 to 10 percent of the organic material contained in do- 
mestic sewage is present in true colloidal form and that roughly 33 to 
44 percent may be present in true solution (2, 3, 4). 

Because of the large portion of organic material present in true 
solution in sewage it is pertinent to study the rates of removal of 
such material by activated sludge. The rates of removal of non- 
electrolyte solutes from substrates by the activated sludge process 
have not been extensively studied under controlled conditions. It 
was, therefore, decided to study this phenomenon and to use the 
simple carbohydrate glucose as a test material. Glucose was selected 
because of interest in it as a cause of sludge bulking, because its 
removal can readily be followed directly, and because of the ease with 
which it can be used for energy by bacteria. Kendall (5) states that 
no case has been recorded of a bacterium which can utilize any carbo- 
hydrate that will not utilize glucose also, and there are organisms 
which do not utilize any carbohydrate except glucose for energy 
requirements. 

In the present study the rates of removal of glucose obtained with 
normal activated sludge as taken from an experimental plant and 
pure culture zoogleal sludge have been compared. The pure culture 
zoogleal sludge consists of the flocs formed by a strain of bacteria 
isolated from normal activated sludge. The isolation of these bacteria 
and the development of the pure culture sludge have been described 
by Butterfield (6). The rates of removal of glucose and sewage 
organic matter by activated sludges have also been compared. The 
influence of sludge concentration, temperature, and pH upon the 
glucose removal rate has been studied. The effect of other factors 
such as agitation without oxygen, prolonged reaeration, supplemental 
feeding, and chlorination of activated sludge upon the glucose removal 
rate has also been determined. 


REVIEW OF LITERATURE 


The theory of removal of dispersates of larger than colloidal size 
by coagulation or condensation on the surface of the sludge particles 
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is readily acceptable. This suggests that the mutual coagulation 
theory proposed by Baly (7) and frequently reviewed in the literature 
(8, 9, 10, 11) may be necessary only to explain the removal of 
the rather small proportion of colloidal organic matter present in the 
sewage. Baly concluded that lowering the pH of the system to 
6.5 to 6 should promote the efficiency of the process. Lumb (8) cited 
experiments to show the advantage of lowering the pH, but Nesme- 
hanoff’s (12) experiments in which the pH was lowered to slightly 
under 6 resulted in a decrease in the activity of the sludge, and 
Mohlman (1/1) states that Baly’s suggestion has not been put to 
practical use. 

In any case, the organic materials in solution which include electro- 
lytes and nonelectrolytes are not removed from the dispersions medium 
by the above coagulation or electro-adsorption mechanisms. Ther- 
iault (13, 14, 15) proposed a biozeolytic theory for the removal of 
ions of solutes and stated that adsorption of ammonia, amino acids, 
lignoproteins, and related organic constituents could be explained in 
terms of base exchange. 

Theoretically, this leaves the nonelectrolyte solutes as the only 
organic components of sewage, the removal of which could not be 
explained upon the basis of one of the several rapid physiochemical 
mechanisms conceivably present and active in the activated sludge 
process. To remove the nonelectrolytic solute it is necessary to fall 
back upon a biophysical-chemical mechanism such as direc’ cell 
action or, as Buswell (16) has termed it, bioprecipitation. 

The flocs of activated sludge consisting of zoogleal bacteria described 
by Butterfield (6) and Dienert (17) are heterogenous systems involving 
enzymic colloids and solutions of cellular materials. Consequently 
the reactions of these systems upon substrate are also biophysical- 
chemical. In this case the reaction velocity would seem to be depend- 
ent upon the quantities of the biological agents present to activate 
the reaction. Butterfield and Wattie (18) have shown that the imme- 
diate rate of biochemical oxidation of a substrate is proportional to 
the initial bacterial population. The maximum hourly rate of 
oxidation for a given substrate was obtained with the maximum 
number of organisms (10,000,000 per ml. in their experiments) 
present at the start. This maximum hourly rate became lower and 
required a longer time to attain as the initial number of bacteria that 
were present to activate the reaction became smaller. 

The bacterial dissimilation of glucose has been extensively studied. 
Thaysen and Galloway (19) have ably reviewed the work in this field 
and their views are briefly summarized here. The mechanism of 
glucose dissimilation is generally accepted to depend upon the activa- 
tion of hydrogen atoms in the glucose molecules and their subsequent 
removal by hydrogen acceptors according to the theory of Wieland 
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(20). The molecule containing the activated hydrogen (glucose, in 
this case) is termed the hydrogen donator and the oxygen or other 
hydrogen absorbing molecule or molecule radical, the hydrogen 
acceptor. The living plasma, or enzymes produced by the plasma, 
act upon the molecule of glucose in the substrate in which the plasma 
is suspended. This makes a transfer of hydrogen possible. According 
to this theory the function of oxygen has been reduced to that of the 
hydrogen acceptor. This function it shares with numerous other 
substances such as methylene blue, litmus, nitrates, etc. The 
reaction between the hydrogen donator and the hydrogen acceptor 
is considered an oxidation-reduction reaction. Although the oxygen 
may function as a hydrogen acceptor without preliminary activation, 
some authorities favor the view that an activation is necessary before 
oxygen becomes capable of combining with activated hydrogen. 

Glucose is first esterified into monophosphoric esters, after which it 
is decomposed by the living cell, according to the mechanism described, 
into compounds containing less than six carbon atoms. The course 
of the decomposition and the final products formed depend upon the 
hydrogen activating properties of the organisms involved in the 
system. Kluyver and Donker (2/) have reduced the fermentation 
activities of micro-organisms to eight types. 

The type of glucose fermentation or dissimilation that takes place 
in activated sludge has not been adequately studied. Butterfield (6) 
reported that the zoogleal bacterium isolated from activated sludge 
grew well in the presence of glucose in nutrient broth but that no gas 
was formed and, as evidenced by changes in pH, no acid was pro- 
duced. Heukelekian (22) added 1,000 p. p. m. of glucose to acti- 
vated sludge suspensions under mechanical agitation and found that 
less than 10 percent of the glucose was removed in an hour. He con- 
cluded that, as biological action could not be precluded, this removal 
could not be ascribed to adsorption. Seiser (23) experimented with 
glucose as a nutrient for activated sludge and concluded that, when 
glucose was fed with asparagin, twice as much glucose was removed 
by adsorption as was removed by biological decomposition. 

A very serious case of sludge bulking occurred at the Des Plaines 
River activated sludge plant in 1927, and Morgan and Beck (24) 
found a large quantity of glucose (10,400 p. p. m.) in a portion of the 
sewage. The glucose tripled the B. O. D. load upon the plant and 
resulted in a breakdown in plant operation. Ruchhoft and Watkins 
(25) tentatively identified the predominant infesting organism in the 
diseased activated sludge at this plant as the filamentous orgarism 
Sphaerotilus natans and showed that the organism could be cultured 
upon a dextrose peptone phosphate agar. Pearse (26) reviewed the 
literature upon excessive carbohydrates in relation to sludge bulking. 
Agersborg and Hatfield (27) found a rather poor activated sludge at 
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Decatur and stated that the presence of 8 p. p. m. of dextrose prob- 
ably encouraged the abundant growth of Sphaerotilus natans in the 
aeration tanks. Scott (28) observed great increases in the volume of 
activated sludge to which dextrose had been added. He showed that 
once the quantity of sludge had been increased, long periods of aera- 
tion decreased the volume very little. Eldridge and Robinson (29) 
and Eldridge, Mallman, and Robinson (30) reported that up to 400 
p. p. m. of lactose were removed from solution by aeration with acti- 
vated sludge in 6 to 8 hours. They noted an increase in pH of from 
7.2 to 8.1 after carbohydrate feeding and suggested that the carbohy- 
drate was completely oxidized in the above period. They obtained 
decreases in the quantities of suspended solids in their aeration tanks 
following lactose feeding and did not obtain any appreciable bulking 
until the sludge had been aerated 3 days without being fed. Infection 
of the sludge by Sphaerotilus was not mentioned by these observers. 

Smit (31, 32) found that carbohydrates such as glucose, sucrose, 
lactose, and starch in quantities up to 1,000 p. p. m. were all rapidly 
removed from sewage and that the prolonged addition to activated 
sludge of sewage containing carbohydrates in such quantities in 
time produced poor sludge infested with the filamentous organism 
Sphaerotilus natans. He concluded that the average sugar content 
of about 25 p. p. m. found in the strong Amsterdam sewage (8 to 18 
gallons per capita) was far below the limit of harmfulness to activated 
sludge. Smit also stated that the products of glucose metabolism 
were not found, that, contrary to his expectations, acids could not be 
traced, that the pH changed very little and further experiments 
were needed to decide whether all of the sugar had been oxidized to 
carbon dioxide or whether other products had been formed. Schmiedt 
(83, 34) has denied the deleterious effect of carbohydrate on activated 
sludge and has reverted to the Willstitter theory of ferments adhering 
to the colloids to explain the oxidation phenomenon in activated 
sludge. He agrees, however, that wastes consisting mainly of carbo- 
hydrates are more difficult to treat than sewage containing colloidal 
albuminoid material. 

From the above brief review it may be surmised that our knowledge 
regarding the removal of glucose from solution by activated sludge, 
the nature and relative quantities of dissimilation products formed 
from glucose by the reaction with activated sludge, and the effect 
of this reaction upon the sludge is fragmentary. 


GENERAL EXPERIMENTAL PROCEDURE 


In these experiments 3 liters of the activated sludge mixed liquor 
chosen for study were transferred to a 4-liter pyrex serum bottle 
and the suspended sludge solids were allowed to settle for about 
80 minutes. After settling, most of the supernatant liquor was 
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siphoned off, a volume of solution containing from 2 to 3 grams of 
glucose was added, and the volume was made up to 3 liters with dis- 
tilled water. A small portion, about 50 to 60 ml. of the initial 
activated sludge glucose mixture, was immediately removed from the 
aeration bottle for determination of the suspended solids, ash, pH, 
and glucose content. The mixture was aerated continuously for 
definite periods, after which samples were withdrawn for analysis. 


ANALYTICAL METHODS 


The suspended solids and ash were determined according to Standard 
Methods (35). The pH determinations in all experiments were 
made electrometrically employing a glass electrode. 

An adaption of the method recommended by Hassid (36, 37) for 
the determination of glucose in plant saps was used for the glucose 
determination. This method involves the reduction of potassium 
ferricyanide to ferrocyanide by the glucose in slightly alkaline media 
and the subsequent volumetric estimation of the ferrocyanide by 
oxidation with dilute standard ceric sulfate solution using Setopaline 
C as an internal indicator. The method is very simple and it is 
possible to make 90 to 100 glucose determinations in 5 hours with 
it.2 Hassid states that the method has an accuracy compared with 
the Munson-Walker method of within 2 to 3 percent. Our results 
with it indicate reproducibility within 3 percent. 

Preliminary tests indicated that our Cincinnati sewage and the 
supernatant liquor from the experimental activated sludge plant at 
the station contained only negligible quantities of materials capable 
of reducing ferricyanide (equivalent to 6 p. p. m. of glucose or less). 
Consequently, it was unnecessary to make blank glucose determina- 
tions upon sludge liquor or sewage to which glucose was to be added 
or to use and analyze an unfed sludge control. 


EXPERIMENTAL RESULTS 


Typical results obtained in four experiments on glucose removal 
by activated sludge are tabulated in table 1 and plotted in figure 1. 
These data confirm Smit’s (3/) results indicating that normal activated 
sludge sometimes removes glucose from solution very rapidly. In 
these experiments about 25 percent of the glucose was removed in 


1 For this determination the sample of activated sludge liquor is withdrawn from the aeration bottle, 
filtered through No. 1 Whatman paper (further clarification is unnecessary) and a volume of filtered solution 
containing approximately 1 mg. of glucose is pipetted from a 2-ml. pipette (graduated in 0.1 ml.) into a 
28X145 mm. test tube. Five ml. of alkaline ferricyanide are added and the tube is put into a wire basket 
which is placed in a 2-liter container of boiling water and heated for 15 to 17 minutes. Generally 8 to 13 
tubes are heated at one time. Immediately following the heating period the tubes are cooled for 3 to 5 
minutes in running water, acidified with 5 ml. of 5 N. H2SO, and 7 drops of the 0.1 percent aqueous Seto- 
paline C indicator solution are added. The sample solutions are then rinsed from the tubes into 125 ml. 
Erlenmeyer flasks and titrated with approximately 0.01 N. standard ceric sulfate from a 5-ml. microburette. 
The ceric sulfate is standardized against a carefully prepared 1,000 p. p. m. solution of glucose in 
distilled water. 
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30 minutes, after which the percentage removal increased rapidly 
until glucose was depleted in 5 to 10 hours. 


TABLE 1.—Typical glucose removal results obtained with activated sludges, al room 
temperature 





















































| 
Normal activated sludge | Pure culture zoogleal sludge No. 83 
Experiment number__...---- G7 Gs | G 26 G 42 
! 
Sludge solids, p. p. m__....-- 2,011 1,884 526 2,264 
Volatile solids, p. p. m_...--- 1,432 1,328 518 2,124 
Glucose feed, p. p. m......-. 699 979 965 716 
| 
Glucose | Percent-' Glucose | Percent-| Glucose | Percent- Glucose | Percent- 
Time iremoved| agere- removed! agere- removed) agere- removed! age re- 
p. p. m.| moved p. p.m. | moved | p. p. m.| moved | p. p. m.| moved 
Initial after mixing. __....__- 33 4. 72 59 ae: 0 0 0 
a: 101 14.4 150  . | ae —- : 
i icici nenciddeinl nied ee Sas ee 20 2.07 16.0 2. 23 
SN -icininmniiinneses 155 22. 2 199 i ee are 42.0 5. 87 
eS Sea 205 29.3 242 24.7 0 0 61.0 8. 52 
SO AE 255 36.5 1 207 30.3 27 2.80 113.0 15.8 
Sas 275 39.3 344 35. 1 45 4. 66 157.0 21.9 
SL, cccanecsatmaennse ea ae ‘ 392 40.0 38 3. 94 
i Se 355 50.8 370 7.8 ll 1.14 163.0 22.7 
a rere 446 63. 8 474 48.4 86 8.91 210.0 29.3 
OE ERLE TEER 556 79. 5 664 67.4 51 5.28 | 2260.0 36.3 
EET IER SEE FEN, HR. FEO ee TET P 304.0 2.5 
ee See ee See. eee 118 9 ee : 
1 ea RENE s ee ASS FE PPE Te pchadaeoniie 423.0 59.1 
OE ERIE 690 98.7 84 5 Se Ae 9 
TENET 695 99.4 977 99.8 822 85. 2 687.0 95.9 
! . 
140 minutes. 3234 hours. 


Pure culture zoogleal sludge removed glucose at a considerably 
lower rate than did normal activated sludge. The quantity of bac- 
teria present very decidedly influenced the rate of glucose removal. 
With 526 p. p. m. of zoogleal bacteria (Exp. G 26) only 12.2 percent 
of glucose was removed in 4 hours, while with 2,264 p. p. m. of bac- 
teria (Exp. G 42) 21.9 percent was removed in 1 hour and 59.1 per- 
cent in 4% hours. On the basis of these removal performances it may 
be assumed that activated sludge contains organisms and enzymes 
more efficient in their glucose removal powers than these pure zoogleal 
cultures. 

A comparison was made of the glucose removal rate obtained with 
activated sludge, with sewage, and with several of the biological agents 
common to sewage. These data are given in table 2 and indicate 
that about 2,000 p. p. m. of good activated sludge removes glucose 
at a much higher rate during the first 3-hour aeration period than 
any of the other agents tried. There is a lag of 5 hours before ap- 
preciable quantities of glucose are removed by Cincinnati domestic 
sewage. With cultures of Bacterium aerogenes and Bacterium coli 
containing about 21.6 and 32.6 million viable cells per ml., respectively, 
a lag of 3 hours was observed before appreciable quantities of glucose 
were removed. The much greater and earlier rate of glucose removal 
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obtained with activated sludge gives evidence of the tremendous bac- 
terial populations present in this sludge. It has been estimated (18) 
that activated sludge contains about 10,000 million bacteria per ml. 
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FIGURE 1.—Typical glucose removal curves for activated sludges. 


The Sphaerotilus natans culture containing 422 p. p. m. of these organ- 
isms removed glucose at a considerably lower rate than the activated 
sludge.’ 


3 When Sphaerotilus natans cultures are tested for glucose removal, the substrate must be properly bal- 
anced with nitrogenous and mineral constituents or glucose is removed very slowly. In this experiment 
glucose was fed with synthetic sewage under conditions in which maximum rates of removal are obtained. 
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TaBLE 2.—Comparison of various biological agents in removing glucose from solution 
under aeration, al room temperature 











Glucose removed, p. p. m. Percentage of glucose removed 
Aeration oe sai a i on 
time, act. '‘phaero- ct. Sphaero- 
Acti- Bact. | Domes- : Acti- Bact. | Domes- ; 
hours vated | oan coli cul- tic sew- =. vated ame coli cul- | tic sew- oe 
sludge * | cuiture2| ture ag@  Jeulture+| S4d8e | cuiture | ure age | culture 
a | 2 EES ) ar OO] Se Fea oe! 
een 306 27 0 | reer 30.6 2.7 Re Rees Sore 
REE: 660 46 13 _| =e 66.0 4.6 8 | 2S Bae 
ta ataiaeal 895 577 195 7 181 89.5 57.7 19.5 0.7 36.2 
| Santee SE ee EE EERESSEAS SPEER SCES ea 35.0 |. 
1044. ..... () 660 CS ee 100 66.0 Ye | eee 2 
SRE Ses erties A _ SR ae LS Seetise 92.0 
SAR GR 704 771 () | | Sores 70. 4 77.1 100 96.0 



































1 Activated sludge of 1,940 p. p. m. suspended solids dosed with 1,000 p. p. m. of glucose. 
2A 48-hour 20° C. culture in standard nutrient broth was dosed with 1,000 p. p. m. of glucose. Initial 


count in mixture was 21.6 million per ml. 
3A 48-hour 20° C. culture in standard nutrient broth was dosed with 1,000 p. p. m. of glucose. Initial 


count in mixture was 32.6 million per ml. ‘ ; 
4 A 24-hour culture in synthetic sewage containing 422 p. p. m. of organisms was dosed with synthetic sew- 


age containing 500 p. p. m. of glucose. 
5 Complete. 


It is interesting to compare the rate of glucose removal of these 
sludges and the removal of B. O. D. of sewages reported previously 
(1). It may be assumed, for the purpose of this comparison, that the 
B. O. D. of glucose is removed at the same rate as its disappearance 
from solution. Using typical experiments, this comparison for normal 
activated sludge is as follows: 






























‘ m" rosea a af value 
= , Juantity after indicated time in hours 
Experiment a . L 
number . ey Feed value ! 

1g 14 3 5 10 
en eee 2268 | Settled sewage. ................... 334 | 55.1 | 74.6] 81.7/ 88.5] 92.8 
1 ana Tae 2011 | Glucose - EE CS ES a 745 | 29.2 | 50.9 | 79.5 | 98.7 | 99+ 
OES eh 2812 | Synthetic sewage.................. 385 | 29.1 | 35.8 | 44.2 | 52.2] 76.4 








! Total carbx naceous B. O. D. 


This suggests that for the first 2 hours the rate of glucose removal 
by normal activated sludge is lower than the rate of removal of sewage 
organic matter which is largely suspended and colloidal material. 
Glucose, however, seems to be removed more completely in a shorter 
time than the nitrogenous organic matter (peptone and meat extract) 
in synthetic sewage. 

A similar comparison of the B. O. D. removal obtained by pure 
culture zoogleal sludge follows: 

















Percentage reduction of L 
Gite P value after 
Experiment 0 , . indicated time in hours 
number sludge, Feed L value! 
p. p. m. 
44 | 1% | 3 | 5 
ae 2, 112 I a 414 68.4 81.3 | 89.3 91.7 
| eee 2, 268 a ad 764 | 8.52 | 22.9 | 39.8 63.8 
ekcittiaeihiceitnind 1,632 | Synthetic sewage__...............-. 384 39.8 | 55.7 | 81.5] 86.8 











“4 Total carbonaceous B. O. D. 
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This comparison indicates that the ability of the zoogleal culture 
to remove B. O. D. of sterile or synthetic sewage is much superior 
to its ability to remove glucose from solution. 

Several experiments to determine the rate of glucose removal with 
increasing quantities of sludge have been completed. All of these 
have indicated that the rate of removal is directly related to the 
quantity of sludge under aeration. The data of a typical experi- 
ment are given in table 3 and the results for glucose removal are 
plotted in figure 2. The glucose removal results with the three lower 
sludge concentrations, A, B, and C, show irregularities during the 
first hour. Thereafter, however, the glucose removal is quite regular 
with all concentrations of sludge. As table 3 shows, the quantities of 
sludge solids present after 3 and 5 hours of aeration were definitely 
increased with the removal of glucose. The volatile matter content 
of these sludges also increased during the 5-hour aeration period. 
The mean volatile matter content of the sludges in this experiment 
was 50.95 percent at the start, increasing to 54.84 percent after 3 
hours and to 56.44 percent after 5 hours. 


TaBLE 3.—Glucose removal with increasing quantities of activated sludge, at room 






































iemperature 

IETS 00... ccacennasecsscacsactons A B Cc D E F 
=e a ee 7.2 7.2 7.2 7.2 7.2 7.2 
Sludge solids p. p. m.: 

SRC eee 331 653 1, 253 1, 973 2,621 3, 136 

CE RE ee eee 308 716 1, 336 2, 052 2, 652 3, 188 

BEE OBOE. ....2cccevescoccssersnces 368 752 1, 384 2, 100 3, 008 8, §52 
Glucose feed p. p.m ~~... ---- a 515 515 15 515 515 515 

Time Glucose removed, p. p. m. 
Immediately after mixing ...........--.-.- 1.8 —6 -8 -5 25 48 
TC. <icpudbioamncheneenedmpbeioddn 3.2 15 42 27 54 64 
a a lea caches 46 48 29 5] 80 82 
60 minutes..............---.-------------- 23 21 60 75 103 142 
BE, dc cncnntiitndniertenetbnannineeEe: 47 60 105 157 201 256 
III cece eile tachi taisalinitanibi 52 78 141 216 284 356 
: scundkdceanictondietieneqeaneneneend 67 117 223 306 415 485 
EE ES ae eee 199 365 (1) (‘) () () 
1 Complete. 


The increasing rates of glucose removal for increasing quantities of 
sludge, after the first hour, suggest that the Freundlich adsorption law 
may apply. If this is true the removal data obtained after any time 
for all sludge concentrations should satisfy the expression: 


aaa CO 
or 
log a= log C+log a 
where 


X=quantity of glucose removed 
M=quantity of sludge used 

C=concentration of glucose remaining in solution 
a and 6 are constants. 
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The data obtained in the above experiment from the first to the fifth 
hour, inclusive, have been arranged in table 4 for plotting. In this 
computation the sludge solids results have been adjusted so that each 
higher concentration is an exact multiple of the lowest concentration. 
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FIGURE 2.—Glucose removal with increasing quantities of activated sludge. 


The initial suspended solids results were used with 1- and 2-hour 
glucose removal observations and the 3- and 5-hour suspended solids 
results were used with the removal observations at the corresponding 
times. These data have been plotted on a log-log scale, as shown in 
figure 3, with interesting results. 


209355 °—40——-2 
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TABLE 4.—Data of experiment G 17 arranged for plotting to determine the application 
of the Freundlich adsorption expression 






























































Aeration time—hour at which observations were made 
Initial 
sludge 
Sludge mixture solids 1 2 8 od 
(M) 
p. p. m. x xX = xX 
wiry tmtvtinwiry igit 
| eee 325 | 0.071 492} 0.145 468 | 0.157 463} 0.191 448 
en See Senos eer 650 . 032 494 . 092 455 117 437 . 167 398 
) ae sladictealotlieds duabptaladedgtae 1, 300 . 046 455 . O81 410 . 106 374 . 159 292 
ae St 1, 950 . 038 440 - 081 358 . 108 299 . 146 209 
i aiacatiinddimnndidin ome magcoke 2, 600 . 040 412 .077 314 . 107 231 . 148 100 
ccc ciccinwiegnsaiimdoedea 3, 250 . 044 372 . 079 258 . 107 159 . 138 30 
X _p.p. m. of glucose removed 
M p. p. m. of sludge solids 
C=p. p. m. of glucose remaining in solution. 
z ie ee ee ek i ie 5 ; - + sae 2 2 3 ee ° 
g o£ : 
a 2 3 a 
Slo 4 LEGEND - 
° 05 &———*e® | HOUR AERATION Time \ + 
215 - e———- 2 HOURS * . \ | : 
a}/> 04 «——« 3nours “ . 4 
ad # | Oo——o sHouRs *° . 4 
giv ose \ - 
o|a 
>|> - a 
a]a 
* 02 = 
=\= 
aja 
aja a = 
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“IS yy a en re are ee on ee oe ee er 
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Figure 3.—Relation between the ratio of glucose removed to the sludge solids and the concentration of 
glucose remaining in solution. 


This figure shows that all points except those representing the lowest 
concentration of sludge fall within a reasonable distance of a straight 
line for the 2-, 3-, and 5-hour observations. A straight line may also 
be drawn through 4 of the 5 points for the 1-hour observation, neglect- 
ing the point for the lowest sludge concentration. Considering the 
relatively small quantities of glucose removed in 1 hour and the 
possibility of error in the glucose determinations, it is not surprising 
to find one of these observations with the lower sludge concentrations 
in disagreement. The observation points for each sludge concentra- 
tion from the first to the fifth hour have been connected with a light 
curved line simply for convenience in following the movement of the 
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point for a given sludge concentration with increasing aeration time. 
The straight line obtained at each observation time indicates that this 


a 


; X 
reaction follows the expression log va blogC+loga. Consequently, it 


may be concluded that with normal activated sludge concentrations of 
650 to 3,250 p. p. m. and a glucose concentration of about 500 p. p. m. 
the Freundlich expression applies between the first and fifth hour. 
Agreement with this expression was not obtained when sludge concen- 
trations below 650 p. p. m. were used. 

The results of one experiment, in which 478, 906, and 1,088 p. p. m. 
of pure culture zoogleal sludge were tested for glucose removal ability, 
were similar to the above results with normal activated sludge. These 
results are given in table 5. The removal obtained with all zoogleal 
sludge concentrations were irregular during the first hour. Thereafter 
the removal results were fairly regular. Additional work with a 
larger number of concentrations of sludge is necessary to determine 
whether glucose removal by pure culture sludge also follows the 
Freundlich expression. 


TABLE 5.—Glucose removal with increasing quantities of pure culture zoogleal sludge 











EEE Ee Re ea a EES, Dd E F 
SE a aR IP ESR INE OP Se 478 906 1,088 
EEE SER IE SR Te a A Reo ee 631 631 631 
Time Glucose removed, p. p.m. 
I aR ae ee Lee ae ERAN SST Ra eae 0 0 17 
a NES EC RS NE ee Pe 22 54 &4 
I «5.22.55 cccha main ondinémiieiadadeedaneadbeekananstends 6 Ee ia tists 41 76 123 
| SS EAI PRE BEEN NER A Re | TE EOE 24 63 109 
60 minutes.......... RE SE A OES OE ER ETD PLIES Pai ea 35 70 105 
a a a a ee i) 55 91 
ee MS CRE EI Le ee ee nN re oe 16 76 101 
SII -sscs din naickihs isi saddened eilidiel Sehauniaiibiiendadelnieiidlchiaaitaaianmnthdgaaienindimiemeiekaamidede 21 120) 115 
a a said 74 225 239 
NG cnicth nt peabacitibecaddiceushseedeccetiuctibesendeatins aeiadetenetaaisiia 365 603 608 














OTHER FACTORS AFFECTING GLUCOSE REMOVAL BY ACTIVATED SLUDGE 


Temperature is one of the most important factors affecting glucose 
removal by activated sludge. In one experiment, to determine the 
effect of heat on the general removal mechanism, three portions of 
normal activated sludge were heated to 35°, 45°, and 55° C., respec- 
tively, for 10 minutes and cooled to room temperature. Then 1,000 
p. p. m. of glucose were added to these three portions and to an 
untreated portion and all four portions were aerated at room. tempera- 
ture. The glucose removal results obtained are given in table 6 
and plotted in figure 4. This experiment showed that warming to 
35° C. had no measurable effect upon the rate of glucose removal by 
activated sludge. Warming for 10 minutes at 45° C., however, had 
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a very definite retarding effect upon the glucose removal rate, and for 
10 minutes at 55° C. practically destroyed the ability of activated 
sludge to remove glucose during the first 4-hour aeration period. 
The glucose removal ability of this sludge was recovered, however, 
within the first 24-hour aeration period. This experiment suggests 
that the glucose removal rate by activated sludge depends upon an 
enzymic bacterial reaction which is very sensitive to temperatures 
over about 45° C. for even a short time. 

TABLE 6.—Effect of warming normal activated sludge to various temperatures for 10 

minutes upon its glucose removal ability 


{Sludge solids 3,200, volatile sludge solids 1,955; pH 7.3, glucose feed 1,000 p. p. m.] 





Cc dD 


Sludge portion treatment 


A 
Untreated 


B 
10 min. at | 10 min. at | 10 min. at 
35° C 45°C, 55° C. 








Aeration time 








Glucose removed, p. p. m. 


Initial after mixing Se Rime Oa + 67 53 22 34 
a es baaaeonetee 179 i180 v 19 
ERSTE i ee SE Rae 247 225 149 71 
a 282 297 197 10 
I fe a ineesineasaners 367 338 216 -—2 
ES eS ere 446 414 282 56 
ee oe so  ehnaaaanaabameen 174 471 306 50 
A Ry eee ees 52 540 354 5S 
| re ™ i 758 767 527 0 
aes 928 907 638 82 




















In two experiments the effect of aeration temperature upen glucose 
removal by normal activated sludge was studied. In the first test, 
aeration temperatures of from 2° to 28° C. were used, and in the 
second trial, temperatures from 18° to 44° C. were maintained. In 
these experiments, portions of activated sludge which had been 
aerated at room temperature were heated or cooled to the desired 
temperatures. Each portion was dosed with 1,000 p. p. m. of glucose 
solution at the temperature at which the sludge was to be aerated 
and aeration was started. The results obtained are given in tables 
7 and 8 and are plotted in figures 5 and 6. These figures show that 
the rate of glucose removal increased very decidedly as the aeration 
temperature was increased from 2° to 33°-35.2° C. At the lower 
temperature only about 289 p. p. m. of glucose had been removed in 
5% hours, while at the higher temperature the entire 1,000 p. p. m. 
had been removed in 2 hours. At the highest aeration temperatures 
of these experiments, 41° to 44.3° C., the initial removal obtained 
immediately after mixing was greater than that obtained at any of the 
lower temperatures. The rate of removal through the first hour 


after the initial mixing was lower, however, than for the sludge portions 
aerated at about 30° and 35° C. After the first hour the removal 
rate fell considerably. 


Between the third and twenty-third hour (not 
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tabulated) only 222 p. p. m. of glucose were removed. This indicates 
that an aeration temperature of 41° to 44.3° C. is detrimental to the 
glucose removal mechanism of the sludge. In another experiment, 
activated sludge was conditioned by sewage feeding and aeration at 
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FicureE 4.—Effect of warming activated sludge for 10 minutes to various temperatures upon its glucose 
remaval ability. 


42.6° to 43° C. for 44 hours before the glucose removal test was made. 
The conditioning at this temperature proved ineffective, as the glucose 
removal capacity was completely destroyed, thus indicating that this 
temperature is inimical to the enzymic glucose removal mechanism 
of the sludge. 
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TABLE 7.—Effect of aeration temperatures upon rate of glucose removal by activated 
sludge, temperatures 2.0° to 28.0° C. 


[Studge solids 2,672 p. p. m., volatile sludge solids 1,924 p. p. m., glucose feed 1,000 p. p. m.] 

















re eee eC nae ea en : A B Y D 
Aeration temperature range °C_..............-.-.......-.-.-- 2.0 to 8.2 |10.0to — 19.3 to 19.6] 27.0 to 28.0 
Aeration time Glucose removed, p. p. m. 

Rc ee one nee ee eae eT Cae 39 43 62 44 
ONE Sa Ee SE Ee ie RCE 7i 58 126 154 
a enna 76 118 177 255 
45 minutes_........ Se a ee eee Ce Ae aS 103 168 250 344 
ERE AGI EL ELS SMO See ene 107 221 330 415 
RES ES ee ee ee eee eee 138 255 370 482 
ESSERE a een ee nner ee, 149 268 416 584 
a ds ee ieeasemeeialiinl 17: 313 480 663 
SES BESS eS Re eae RL eee ea 213 403 636 904 
| EE, LE eS Rete ae aeRO ei 228 499 783 (‘) 

RES ae SS eee ee ee ee 289 591 | 

















' Completely removed. 


TABLE 8.—Effect of aeration temperatures upon rate of glucose removal by activated 
sludge, temperatures 18.8 to 44.1° C. 


(Sludge solids 2,824 p. p. m., glucose feed 1,000 p. p. m.] 









































Sludge portion aE Ee RE A B Cc D E 
Aeration temperature range °C _____.........--.--- .|18.8 to 20.0 24.1 29.8 to 31.0/33.2 to 35.2/41.0 to 44.1 
Aeration time Glucose removed, p. p. m. 
ER ee ee 66 61 118 157 199 
| Eee PRETEEN a eee 148 168 213 415 295 
EEA Ra ea a eRe ET re 204 257 448 505 356 
a 265 355 51S 636 455 
EE ee ee 360 454 C04 74 509 
EER EEE. RE PET ae EI 418 540 690 71 500 
TPS SEAR AEST RE Ie BERR PE ee 500 647 542 835 506 
SS sik inci hiaie ea calaicdiebamenbebiibinin bint 559 747 971 (4) 620 
eet eS ATG RRR fe 697 (‘) . i. Sao 606 
| ERR SS sab anididGiatasitsatietinniiiaaiicinngiabatiie 856 ee he SS 674 
| AE Se ee ee et |, at SERRE ES BERR ‘ 743 
' Complete removal. wv 
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FicGurRE 5—Effect of aeration temperatures upon the rate of glucose removal by activated sludge. 
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In another experiment, simultaneous tests were made upon a normal 
laboratory sludge of good quality developed at about 25° C. and a 
sludge from the station experimental plant that had been operated 
at aeration temperatures of from about 1° to 10° C4 In this experi- 
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Ficure 6.—Effect of aeration temperatures upon the rate of glucose removal by activated sludge. 


ment samples of both sludges were divided into two portions, one 
portion of each sludge was brought to 27° C., dosed with a glucose 
solution at this temperature and aerated at the same temperature, 
while the second portion of each was brought to 1° C., dosed with 

‘ This temperature range is rather broad because this small plant is located in an unheated, glass-covered 
building, without temperature control, subjected to winter temperatures. Consequently, the lower tem- 


peratures were obtained during the night and early morning and the maximum temperatures were reached 
during sunshine in the afternoon. 
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glucose adjusted to this temperature and aerated at the same temper- 
ature. The results of glucose removal obtained in this experiment, 
as given in table 9, are instructive. This experiment shows that the 
glucose removal depends not only upon the aeration temperature dur- 
ing the period of glucose removal but also upon the previous history 
of the sludge. The laboratory-developed sludge removed glucose at 
the customary rate for 27° C. when aerated at 27° C. When this 
sludge was cooled and aerated at 1° C. its glucose removal rate fell, 
but this rate was considerably higher for the first 90-minute aeration 
period than the removal rate for the winter temperature plant sludge 
aerated at 1° C. The plant sludge aerated at 1° C. removed glucose 
at a very low rate. At 27° C., however, this sludge did not reach the 
removal rate of the laboratory sludge aerated at 1° C. during the first 
90-minute aeration period. This experiment suggests, therefore, that 
any preliminary treatment of a sludge which may affect its “quality” 
also affects the glucose removal rate that may be expected at any 
temperature. 


TABLE 9.—Comparison of glucose removal ability of activated sludge developed at 
winter and.summer temperatures 

















Laboratory sludge, FE - ggg a 
temperature 27° t a ne, t “- 1°- 

C. Solids=2,170 | qo Pe ai 
m » bo ids= 

> 3,935 p. p. m. 

I Rite ccccbitbtkcinmimrrdssawtamnindnwaten 27.4° C. | 1.0°C, | 27.4°C. | 1.0° 0, 
Aeration time Glucose removed, p. p. m. 

Ee ee ea eT eee 115 55 13 0 
EE p-seebiitinatientieadaphsleiioeinininil aaieiianilialdinapibinaineasstiie 203 128 11 5 
TT ics inn escceiiad Catdchsnstt encanta ebaieiaintddiadiebainteatitedninaiaaiite naira 309 193 25 19 
a a a al lee 341 200 72 25 
CO ace naa eae eee ee 384 218 75 52 
in aa iat cticnpslelihapaeigab deanna adateianiaaiaibe 434 243 119 36 
REECE EES EERE RS Le en ep eerkmen 478 256 149 23 
SY Cin Ai arcah Raina nibeathaniainnainintenaiauas maameataaiaenieiaiaaies 414 200 108 0 
IITians aii ahs ctl idea daaeaageapapiaiaecaiaeitiadaitiaiee 544 216 189 35 
III <6 Uinti nadie aie eesmindahemeniemiadiameatamdniennkE 689 226 260 40 
EAE ae Se SE eae one ee ene 832 263 349 39 
 cccdngeptnasndnndaiabsbehenemeumnednetienannaneiete 936 270 4104 70 

















A final experiment upon the temperature factor in glucose removal 
was carried out with samples of the same laboratory and plant sludge 
used previously, but after preliminary conditioning. The laboratory 
sludge was dosed regularly with sewage (twice a day) and aerated at 
winter temperatures, 1° to 10° C., for 5 days. The plant sludge was 
conditioned by similar dosing and aeration at 25° to 28° C. for 3 days. 
Each sludge was then divided into two portions and the previous 
experiment was repeated. The results obtained are given in table 10. 
The 5-day period of cold temperature conditioning had a remarkable 
effect upon the glucose removal rates obtained from the laboratory 
sludge. This effect can be illustrated by comparing the rates of 
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glucose removal in milligrams per gram of sludge per liter for the 
first hour as follows: 


After conditioning at 1° to 10° Q. 


Aeration temperature, °C. Before conditioning for & days 
25° to 27° C. 177 57 
1° to 4° C. 100 43 


With winter plant activated sludge the following rates expressed 


similarly were obtained in these experiments: 
After conditioning for 3 deys at 


Aeration temperature Before conditioning 27 
25° to 27° C. 29 12: 
1° to 4°C, 20 55 


TaBLE 10.—Comparison of glucose removal ability of laboratory sludge conditioned 
at winter temperature and winter (plant) sludge conditioned at summer lemper- 
atures 























{ ori » 4 ¢ 

Laboratory sludge —_ a —— 

conditioned at 1.0 ti Ucese eee 
to10°C. Solids= 7 loned at about 

3,010 p. p. m 7 C. Solids= 

si isla 5,170 p. p. m. 

| — 

Aeration temperature ___................----- 25° C. 4.0° C. 25° C. 40° CA 

Aeration time Glucose removed, p. p. m. 

RT Sa TE ae, ee EE ee 0 33 182 100 
a 72 75 272 176 
30 minutes_ 113 111 44 224 
45 minutes_ 143 129 580 274 
60 minutes_ 71 148 638 286 
PRE AS IRRR  e as errs eee ear 187 1459 688 256 
REESE LER eS ay LARS TI Eee Re 189 131 721 205 
a 194 139 790 323 
EP SS, SN ee MSE Sa ea 323 27 837 359 
nn cckicadiae radia tia Ma tate ae AIS 183 | 894 450 
IN iuilicctsccateatvic accerasciphmpuaabiteiadaieediniaumadbandidaiiinabaiaie edie 654 288 (*) 458 














1 The aeration temperature in this portion slowly increased and reached 10° C. at the end of the 5!2-hour 
period. 


* Complete. 

The above comparison shows that the first hour glucose removal 
rates for laboratory sludge were reduced almost to the rate for winter 
plant sludge after 5 days of winter temperature conditioning. The 
winter plant sludge, on the other hand, had its first hour glucose 
removal rate raised from 20 percent to 55 percent of the laboratory 
sludge rates at the low temperature and from 17 to 70 percent at 
27° C. after 3 days’ conditioning at laboratory temperatures. These 
experiments indicate the great influence of aeration temperature as a 
factor on the biological enzymic activity of the sludge. 


EFFECT OF PH 


The effect of pH upon glucose removal rates was determined by 
subjecting the activated sludge to the desired pH for a short time 
and then readjusting the sludge to about 7.2, adding 1,000 p. p. m. 
of glucose and completing the removal test as before. In one experi- 
ment four portions of sludge were taken, three of which were adjusted 
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to pH 6, 5.1, and 2.8+0.2, respectively, with N/10 phosphoric acid 
and allowed to stand for 20 minutes. “Then all portions were read- 
justed to the neutral point with N/10 sodium hydroxide, the glucose 
was added, and the test was run. The results are given in table 11. 
Lowering of the pH of the sludge to 5.1 for 20 minutes had practically 
no effect upon its glucose removal rate, while exposure to a pH of 
2.8 for 20 minutes had a most destructive effect upon the glucose 
removal mechanism for the first 90 minutes. Thereafter this latter 
sludge began to recover. In 4 hours it had not removed as much 
glucose as the other sludges had in 30 minutes. After 23 hours, 
however, this sludge had apparently recovered for the glucose removal 
was complete. 


TABLE 11.—Effect of lowering the pH for 20 minutes upon glucose removal by 
activated sludge, at room temperature 











Sludge portion. __.-__._-- ; BE ae SE RRR A B Cc D 
pH to which sludge was subjected for 20 minutes_-_-.......--.--- 7.2 6.0 5.2 2.8 
EE a ee eee eee 7.2 7.2 7.2 7.0 
Aeration time Glucose removed, p. p.m. 
TET GAA MAG TH PTE siciatadeaassaineie aciaeabinel 65 60 56 0 
REE a Ie ES SRE Ree ee A a nee Nee, 126 151 139 2 
ES ee ee eee 205 219 208 44 
EEE EP a ee oe ee ee ae 275 263 265 23 
II 5 inks csctebichihicn mais chin dtaiea baleen Raine kiaacnmaiiiiren 329 357 363 63 
RRS SSE NER ee MR a oe Ra NO a ee 380 366 393 39 
ETE E EEL OL AION eT aT a ae 428 410 374 51 
DIN i. ncpicnddgcimencamabinnhbadabinbonenebmaneehnmaeniiiit 510 490 471 95 
Re See Ree ee earn re eee 604 683 661 136 
OO inn aad aes ihe sialeecinsgadibntinabiaraehinaliagndeniianen anita 836 817 796 183 
I sical <a ccrsrnctiie dea dashine icega baal nid vataniciorighalecsaagealainaaaiedatbintupedcs () (‘) (') (‘) 

















_— 


1 Complete. 





The effect of pH above the neutral point was determined in a similar 
experiment, the results of which are given in table 12. In this 
experiment N/10 sodium hydroxide was used to make the desired pH 
_ adjustment and after 30 minutes the pH of each sludge was readjusted 
to 7.1 with phosphoric acid. The results indicate that holding the 
sludge at a pH of 8.1 to 9.2 for 30 minutes stimulated rather than 
hindered glucose removal by the sludge. When the sludge was 
subjected to a pH of 11 for this period, however, the glucose removal 
rate was reduced. 

In two additional experiments the pH of a number of portions of 
two activated sludges was adjusted to desired points, glucose was 
added, and the effect of aeration at various hydrogen ion concentra- 
tions upon glucose removal was determined. The results for points 
below neutral are given in table 13 and for points above neutral in 
table 14. The data indicated very little difference in glucose removal 
rates for the first 3 hours in the pH range from 5.8 to 7.2. After the 
first 3-hour period the sludge at a pH of 6.6 maintained the maximum 


Oe a ee < 




















413 Mareh 8, 1940 


removal rate, with the neutral sludge portion second and the sludge 
at pH 5.8 next. There was not much difference, however, in the 
rate obtained at any of the above pH values even after 3 hours. 
Portion D was aerated at pH 5.6 for 1% hours and then readjusted 
to pH 5 and the aeration was poston The data indicated that 
there was a decided reduction in glucose removal rates as the pH is 
decreased from 5.8 to 5 or lower. While 63 percent of the glucose 
had been removed in 9 hours at pH 5.8, only about 17 percent was 
removed at pH 5 during this time. At a pH of 3.9 there was appar- 
ently some glucose removal (about 126 p. p. m.) during the first 2 
hours, but thereafter the glucose was apparently returned to solution. 
After 9 hours of aeration more than 97 percent of the glucose remained 
in solution and after 22% hours about 80 percent still remained in 
solution. It must be concluded that at a pH of 5 the glucose removal 
mechanism of activated sludge is greatly impaired and at 3.9 it is 
practically destroyed. 


TABLE 12.— Effect of raising the pH for 30 minutes upon glucose removal by activated 
sludge, at room temperature 








Sludge portion. - diel dears A B ©) D 

pH to which sludge was pampetet for 30 minutes__.....--.--._- 7.2 8.1 9.2 11.0 

pH at start TETRIS 7.2 7.1 7.1 7.1 
Aeration time Glucose removed, p. p. m. 





ER ee ee ee Soe eT RS, Sew) aaa . Sa Se e 
ee 51 79 73 18 
i 134 152 149 79 
REE SEE TNE AE TLS Lee ISL 163 212 127 
I a a we 237 221 282 200 
75 minutes. 214 232 309 144} 
90 minutes _ ..- 3 254 270 308 2" 

0 —=——Lhe ‘ieee 323 331 372 278 
3 hours. ....... état 434 463 474 366 
i ae cities ae 507 514 541 423 
2144 hours 995 987 991 991 




















TABLE 13.—The effect of aeration of activated sludge at pH] values below neutral 
upon glucose removal, at room temperature 


{Sludge solids 1,810 p. p. m.] 














I a cain ccncnn a aisinnd memeninerneieiainnagmmenitell A 3 C D E 
pH at which sludge was TS RRR REARS 7.2 6.6 5.8 5.0! 3.9 
Aeration time Glucose removed, p. p. m. 

30 minutes_____- ae , hia el 106 92 111 7 77 
60 minutes__.....- 126 140 15 122 65 
90 minutes___. 118 155 177 105 48 
ae 246 231 226 173 126 
RE ea SRE ES SCN LEE AEE 308 340 298 192 98 
| SE RSAC aN eee Ae eee TEN, 369 404 328 116 45 
a a 405 441 382 116 0 
NSC ere 733 806 626 167 28 
RRA EAS io) @ (’) 412 200 




















1 pH 5.6 for first 90 minutes. 
1 Complete. 





March 8, 1940 414 


TaBLeE 14.—The effect of aeration of activated sludge at pH values above neutral 
upon glucose removal, at room temperature 


[Sludge solids 2,320 p. p. m.] 


























Sludge portion EN ie ee eee ee ee Pe ART eR eS He eS A B Cc D 
Ee Se WNC CARDEN WEE BURNIN oo ccn cccccccceccceccssenescees 7.0 8.1 9.6 11.5+ 
Acration time Glucose removed, p. p. m. 

Se ne 3 31 63 69 
60 minu‘es__. 123 117 66 134 
90 minutes-_- 171 168 133 152 
a ce cc tidied eesinianettioela elie 231 188 185 177 
I a ee te DIO eT eee Na 386 371 333 326 
Ro kd es weaecediaminebenbnniabase 433 408 362 311 
a iden atdipniednseeieengaeeee 545 530 497 469 
I i cnt a aces ei emnene obaaaitiptebenn a wnaaeins 831 803 804 715 
TE LISLE ae a a a eT OE Te () () () Q) 





1 Complete. 


The data in table 14 for pH values above 7 are not as conclusive 
as the low pH data. The glucose removal at pH values of 7, 8.1, 
9.6, and 11.5+ are remarkably similar for the first 2-hour period. 
Beyond this aeration time there seems to be some slight reduction in 
the glucose removal values as the pH was increased. At the end of 
8 hours the percentage of glucose removal was 83.1, 80.8, 80.4, and 
71.5 at pH 7, 8.1, 9.6, and 11.5, respectively. As it seems reasonable 
to suppose that autocatalytic oxidation of glucose took place at the 
higher pH values, it is impossible to estimate without further investi- 
gation the extent of the damage to the common glucose removal 
mechanism of the sludge at these high pH values. 


GLUCOSE REMOVAL RATES IN ABSENCE OF OXYGEN 


The rate of glucose removal during intimate mixing of activated 
sludge and glucose substrate in the absence of dissolved oxygen was 
studied in several experiments. In one test, four equal portions of 
activated sludge were each given 1,000 p. p. m. of glucose using 
different methods of keeping the sludge particles and glucose substrate 
in intimate contact. One portion, A, was aerated in the ordinary 
way using about 4 to 5 cu. ft. of air per hour for 3 liters of aeration 
mixture. This method kept the mixture aerobic at all times and 
also intimately mixed the sludge particles with the substrate. The 
second portion, B, was stirred with a paddle sufficiently to keep the 
sludge particles in complete suspension and about as intimately mixed 
as the particles in portion A. Although a layer of oil was placed on 
the surface of the liquor, this layer tended to gather in the center of 
the rotating liquid surface so that there undoubtedly was some 
surface aeration in this portion. However, the surface aeration 
obtained in this way was very limited and was insufficient in view of 
the high oxygen demand of the sludge mixture to maintain aerobic 
conditions throughout the liquid. Portion C was agitated with 
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nitrogen gas using about 4 to 5 cu. ft. per hour for a 3-liter volume of 
sludge mixture in the same way that air was used in portion A. The 
sludge particles were as intimately mixed with the substrate as in 
portion A, but in this case there was no opportunity for reaeration 
and the sludge liquor became devoid of oxygen within a few minutes 
after the start of the experiment. Portion D, which was rotated 
continuously end over end in a number of completely filled glass- 
stoppered bottles, also became devoid of oxygen within a few minutes 
after the start, but the sludge particles may not have been kept in 
such intimate contact with the glucose substrate because of the slow 
rotation employed (1 r. p. m). 

The results given in table 15 show a very decided difference in the 
rate of glucose removal obtained with aeration and with other means 
of agitation in the absence of oxygen. In portion A, with dissolved 
oxygen maintained by aeration, all of the glucose was removed from 
solution in 2 hours. Without oxygen the rate of glucose removal 
was reduced within 15 minutes. After about 2 hours the rate of 
removal was further reduced to such an extent that about 141, 343, 
and 360 p. p. m. of glucose remained in solution after 22's hours of 
agitation in portions B, C, and D, respectively. It is also interesting 
to note that in portions C and D, in which all possibility of obtain- 
ing dissolved oxygen by reaeration during the agitation was removed, 
the lowest rates of glucose removal were obtained, while in portion 
B, where some slight reoxygenation was possible, slightly higher rates 
of glucose removal were obtained. A repetition of this experiment 
produced similar results. After 24 hours of mixing, one of the por- 
tions agitated without oxygen still contained 254 p. p. m. of glucose. 
This portion was agitated for an additional hour without any further 
loss of glucose. It was then aerated for 1 hour and 64 p. p. m. of 
glucose were removed. These experiments suggest that the organ- 
isms in the activated sludge process which are responsible for the 
glucose removal and dissimilation behave as obligate aerobes. From 
this it may be inferred that the hydrogen activation in the glucose 
molecule in this reaction is such that only oxygen will act as a hydro- 
gen acceptor. Or, if the theory holds that the oxygen is also activated, 
the predominant organisms in activated sludge require and activate 
oxygen for the completion of this reaction. In any case, the velocity 
of the glucose removal reaction under aeration and the reduction in 
velocity of the reaction in the absence of air indicate the importance 
of oxygen to the predominant organisms in this process and confirm 
both Smit’s (31) and Heukelekian’s (22) glucose removal data. 

EFFECT OF PROLONGED REAERATION 


The effect of prolonged reaeration, without feeding, of activated 
sludge upon glucose removal was investigated, and the results are 
given in table 16. These data indicate that prolonged reaeration, 
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which is, in effect, starvation, steadily reduced the ability of the 
sludge to remove glucose at a rapid rate. The sludge of this experi- 
ment after 18 hours of reaeration removed 40 percent of the glucose 
feed in 5 hours, but after about 13 days of reaeration it removed 
only about 11 percent of the same glucose dose in the same time. 


TABLE 15.—Comparison of glucose removal by activated sludge using various methods 


for keeping the sludge particles and substrate in intimate contact 











I a A B Cc D 
eco 
— chanica 
Aerction | Stirring ~~ ae rotation 
Means of keeping sludge and substrate in contact __._-- with with itt ~~ of com- 
air paddies | MUrocpa | pletely § 
g filled 
bottle 
Aeration time 
TS a Se earee ee nee 48 82 68 24 
aaa cle adie 300 179 121 87 
RE EERER Dee Re Ree eek 439 221 150 134 
ES SS cesbeminiesiiiciseidiasihd 5F2 313 211 239 
ES EES Ay ES ee ee Se 635 336 283 314 
es Catena’ 858 374 355 392 
SS See eee a {*) 466 418 426 
ET SE RE ee: Here ener 557 389 461 
SOS PRE EET Re 601 — . eee 
SSN Ne a OEE ae SSR a | SSE Sade 
REEL LENE LEST RS RS! USNS Rae 859 657 640 














1 The surface of this portion was covered with an oil film. Each sample was removed by siphoning to 


prevent reaeration during sampling. 

3 Nitrogen gas at the same rate as airin portion A was bubbled through an aerator ball. 

3 1-liter bottles completely filled were turned over endwise continuously once each minute. A, B, and 
C were held at room temperature of about 24° C., while D was held at 20° C. 

4 Complete. 


TABLE 16.—Effect of reaeration upon the glucose removal ability of activated sludge 

















Reseration period without feed, hours ___............-.------.-- 18 42 162 
Sludge solids at start of glucose removal test..................-- 2,036 2,054 = - 1,832 
III TR ne = la cae ei emabdinmaaaiieeiabapediibnd 750 750 750 750 
Aeration time, glucose removal test Glucose removed, p. p. m. 
I cise i ecel ballet hie cil Ret iebii ees ai Doinaidae wbaaeiionbnmanoe 58 33 21 22 
0 RES SE ae ES EES SEP aan sarees 80 46 13 11 
LN Ee ee, Cena 65 22 22 
ER Ts Ee OS Pm yr ee ee eee 95 12 39 23 
ES SE ae a See Eee ; 47 93 30 
EES EE eae oe eee S A Poe | ees sissies iicaacnin Maciel 
4 hours s — 105 63 
ee eee ee aes EPS! ile |) aS ee 
5 hours 132 87 
ERR LEE TTS LN ER OT ET Le ‘ 78 
IL. ninkancbitiddkinbasnemeecunotdadtientdimamdaadtals 211 [nonnnenee- 














SUPPLEMENTAL FEEDING 


Two experiments were carried out to determine the effect of feed- 
ing other materials with glucose, upon the glucose removal rate by 


activated sludge. The results obtained are presented in table 17. 


The first experiment indicates that the feeding of sewage with glucose 
increases slightly the rate of glucose removal by activated sludge. 
The results obtained when peptone was used as a supplemental feed 
were not as definite as the results with sewage, but this experiment 
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seems to indicate that peptone certainly does not reduce the glucose 
removal rate and may increase it very slightly. 





TABLE 17.—Effect of supplemental feeding upon glucose removal by activated sludge 


























NNN. Jets eethabinketenninbabbeusenehalaetins G 1% | Gi4 

Ss ™ | | g le. 
Portion pian danataieenumiinns ide dchippbinccaneminelape dni Control lmental teed] Control Lael ~ 
Glueose feed, p. p. m.......-..--- - ET 400 | 470 4450 | : 475 

| _ ,eptone 

II ncn icerccdirnscctnicscsiinncsscndndemiaeds 0 ae 0 solution 

a ‘iieae p m) 

Aeration time Glucose removed, p. p. m. 

Initial after mixing --.........-- sinsalandcaicthietaioaicitintnnsiumanaainiint 51 110 ee 
a i i a a acai ara iedhnmalaenninginalin 56 14 78 107 
ee ee ee Ree ee 57 115 95 137 
30 minutes. ......-- siassanaeetamilaiaeiia liheceiibasentencinaniaaiieaanaetés &2 132 104 yo 
40 minutes 91 141 114 137 
50 woinutes - ._- 95 144 103 133 
60 minutes - 116 166 153 173 
75 minutes - 123 189 159 188 
90 minutes - P teen 138 206 168 173 
i SES RS ees eee eer oe ate 166 253 202 232 
SES aS Pee niptammnae 208 333 241 2h 
RSE ane pre ee aaa 352 430 348 365 
I ol ins i lt ntti einidamnaemmaedaadaanl (*) () (*) (*) 

















1 Complete. 
EFFECT OF REPEATED GLUCOSE FEEDING 
After determining the glucose removal rate on a sample of activated 
sludge, two 8-liter portions of this sludge were treated as follows: 
One portion was dosed with domestic sewage daily for 9 days and then 
the glucose removal test was repeated. The second portion was dosed 
daily with the same sewage as the above portion, but fortified with 
500 p. p.m. of glucose. This was continued for 7 days and the glucose 
removal test was repeated. The results obtained in this experiment 
are presented in table 18. The glucose removal rate for this sludge 
was improved slightly after dosing it daily for 9 days with sewage. 
However, after 1 week of daily treatment with sewage plus 500 p. p. m. 
of glucose, the glucose removal rate was so accelerated that the time 
for complete removal was reduced from about 3 hours to 30 minutes. 
The increase in the suspended solids obtained with glucose fortified 
sewage in this experiment is quite remarkable. During 9 days of 
sewage feeding, the quantity of sludge under aeration in the portion 
fed only with sewage increased by 620 p. p.m. If the proportionate 
increase of solids due to sewage for 7 days is deducted from the total 
solids increase in the glucose fortified sewage fed sludge, C, an increase 
of 2,220 p. p. m. of sludge due to glucose feeding is obtained. As 
3,500 p. p. m. of glucose were fed during this interval, the sludge 
increase due to glucose represents 63 percent of the glucose weight 
recovered as sludge. 
In another experiment, 2,000 p. p. m. of glucose were fed to activated 
sludge daily for 3 days and the rate of glucose removal was followed 
each day. The results obtained are given in table 19 and indicate that 
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in this experiment the sludge was overloaded with respect to glucose. 
The rate of glucose removal fell upon the second and third feeding. 
While 86 percent of the glucose was removed in 23 hours in the first 
day, only 46 percent was removed on the third day in the same time. 
In this ease, additional nitrogenous material in the form of sewage or 


peptone was not given with the glucose. 


It is probable that a better 


performance of the sludge with this quantity of glucose would have 


been obtained had this been done. 


TABLE 18.—Effect of repeated glucose feeding upon glucose removal by activated 
sludge using 500 p. p. m. of glucose per day 








aa ene Oe NE EE a ee PC ee A B Cc 
Same as B 
except that 
Suse ry ~" it was dosed 
Control = can dosed daily with 
NI, ccie-chaisiiesicietiheseerintoca nse nsitiildeeen in sahcbipindpeneanbaltiiiiemeici (initial daily with | S#me sewage 
sludge) sot. fortified with 
sewarve for 9 500 p. p. m 
days of glucose for 
7 days 
Sludve solids eum cute treatment, p. p. m.: 
: a scctdeer Saanae tied arise acl ba ols an!” |W idea eek abiaaleannatinlaigia quintet cmianbaniesinnadin 2.640 2,640 
SEE. Ee 3,200 5,340 
Oe. solids used in glucose removal test: 
Total suspended p. p. m ss oi-y-aieinetieseieedaan a uiaiinlantiats Gneaiad 2,940 2,608 2.196 
1,684 1,608 1,7: 


Volatile suspended p. p. m 





Aeration time 


Glucose removed, p. p. m. 





Initial after mixing 
10 minutes -. 
aa a a dele canbaaainnaenteN's 
30 minutes 
45 minutes 
60 minutes_. 
NN ES I SOE eee ome ne ee ee 
90 minutes 
2 hours 
3 hours 








47 

99 
147 
175 
209 
228 
265 
295 
358 
458 





(*) 








1 Complete. 


TaBLe 19.—Efect of feeding 2,000 p. p. m. of glucose daily upon glucose removal 


oy activated sludge 





Aeration time 


First day 


Second d 





ay | Third day 








Suspended solids, p. p. m. 





Initial 
1 hour 
3 hours 
6 hou: 

23 hours 


Initial - 

15 minutes 
30 minutes 
45 minutes 
60 minutes 
90 minutes 
EE ELT ea Seen ean eee ENE e! 
3 hours 
4 hours 
5 hours 
I dinicatits Anstinsineo tencchipeeniinindinioaantoediniduninapaemaenniatiiind 











2, 376 3,344 4, 135 
2, 744 3, 451 4, 063 
2, 608 i a Sean 
2, 7/4 3, 570 
3, 480 4, 145 4,477 
Glucose removal, p. p. m. 
_ H) 
44 28 0 
79 74 0 
99 91 0 
lil 117 4) 
205 11> 61 
297 120 88 
340 205 lll 
497 284 135 
618 37 138 
1, 720 1,176 928 
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EFFECT OF CHLORINATION 


As chlorination is often recommended as a method of controlling 
or curing the activated sludge process when difficulties are encountered, 
one experiment to determine the effect of chlorination upon the glucose 
removal reaction was completed. In this experiment, the desired 
doses of chlorine, as H. T. H. solution, were added and after 15 
minutes of contact any residual chlorine was neutralized with sodium 
sulfite solution. The glucose solution was then added and the glucose 
removal tests completed in the ordinary way. The data for this 
experiment are presented in table 20. It will be seen at once that the 
15-minute contact period with 16 p. p. m. of chlorine in portion D 
practically destroyed the glucose removal mechanism and prevented 
the removal of glucose for 4 hours. Between the fourth and twenty- 
first hour of aeration, however, the sludge regained its power to re- 
move glucose. A 6.2 p. p. m. dose of chlorine for 15 minutes also 
injured the glucose removal mechanism. With this dose only about 
109 p. p. m., or 15.6 percent, of the glucose had been removed after 
4 hours of aeration. When the values for glucose removal for portions 
A and B of table 20 are calculated in terms of p. p. m. of glucose re- 
moved per gram of sludge, it is found that 1.6 p. p. m. of chlorine 
affected the glucose removal very slightly. This experiment indicates 
that the quantity of chlorine that has been suggested by Smith and 
Purdy (38) to correct sludge bulking caused by fungus growths is not 
great enough to interfere seriously with the ordinary enzymic reactions 
such as are indicated by the glucose removal mechanism. However, 
chlorination of activated sludge is attended by the serious danger of 
overchlorinating. This would destroy not only the plankton growths, 
as pointed out by the above authors, but also the normal bacterial 
reactions of the sludge as shown in portion D, in the above experiment. 


TABLE 20.—Effect of chlorination upon glucose removal by activated sludge 





























Slndge portion... ...........--- ale Nea ia a ac A D 
Amount of chlorine, p. p. m., given for 15 minutes and then 
SRS iT RE eS A ROT LOE, RSE SESE 0 1.6 6.2 16.0 
PEEL LEA ITE EI EAL EERE 1, 684 1, 480 1,412 1, 376 
NE ED REET LEER IE eR Ca 700 700 700 700 
Aeration time Glucose removed, p. p. m. 
EIS Lae Te eae aT 48 66 8 5 
Sa ee RC RS Pe eee Din RE 91 98 23 19 
‘ EE LEE EE NEILL TIED ELON ELLE 152 142 32 0 
Fa Saint cate areeaira eet sia Aree EGENT eee ES: 182 158 44 0 
) |) SAS SR RIEL sire OSS se 238 192 38 0 
D Tr I a 270 183 65 0 
D kL RCL NEE iY ENA LORIE EI RE Eo! TS. 321 247 31 0 
D 1S RSE eT PRS 1 ENE EE IR, 380 284 80 0 
| OE OEE LILIA DLE ADL ENE NREL ALS EL GE LE LSE: 613 404 147 41 
i PR LT AE eam eer a Ee I RS 613 493 109 0 
; 8 RBI Ee PG SOS () 605 606 606 
i) 
: 1 Complete. 
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SUMMARY AND CONCLUSIONS 
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The rates of removal of glucose from substrates by activated sludge 
have been investigated. Experimental data are presented to illustrate 
the rates of removal of glucose from substrates by normal activated 
sludge and by pure cultures of certain bacterial species found in acti- 
vated sludge or domestic sewage. The effect of various factors such 
as temperature, pH, dissolved oxygen, supplemental feeding and accli- 
matization on these removal rates has been determined. It has been 
shown that glucose is removed from solution much more rapidly by 
activated sludge than by domestic sewage, pure cultures of Bact. coli, 
Bact. aerogenes, Sphaerotilus natans, or zoogleal sludge. The rate of 
glucose removal by activated sludge is a function of the quantity of 
sludge present and, after the first hour, the removal rate follows the 
Freundlich adsorption equation. A comparison of the rates of re- 
moval by activated sludge of glucose and of settled or synthetic 
sewage indicated that glucose is removed more slowly than the 
carbonaceous organic matter of settled sewage and more rapidly than 
the nitrogenous material of synthetic sewage. The zoogleal sludge, 
however, removed synthetic sewage at a higher rate than glucose. 

Temperature studies showed that heating the sludge for 10 minutes 
at 35° C. did not affect the removal rate, 10 minutes at 45° C. reduced 
the rate for a considerable time, and 10 minutes at 55° C. practically 
destroyed the glucose removing mechanism of the sludge. The 
glucose removal rate roughly doubled for each 10° C. increase in 
aeration temperature from 0° to 35° C. Aeration temperatures over 
45° C. were inimical to glucose removal by activated sludge. Aeration 
temperatures of the sludge previous to the addition of glucose also 
affected the glucose removal rate. Winter sludge dosed with glucose 
and aerated at 27° C. did not remove glucose at as rapid a rate as 
the summer sludge at this temperature. Summer sludge, to which 
glucose was added and then aerated at 1° C., removed glucose at 
higher rates than winter sludge similarly treated. Acclimatization 
of the sludges at either temperature tended to bring the glucose 
removal rate to normal for the aeration temperature employed. 

Lowering the pH of the sludge for 20 minutes to 5.2 before the 
addition of glucose retarded glucose removal slightly, and lowering 
to pH 2.8 for the same time practically destroyed the glucose removing 
mechanism for several hours. Subjection of the sludge to a pH up 
to 11 for 30 minutes followed by neutralization had very little effect 
upon the glucose removal reaction. When activated sludge was 
aerated below a pH of about 6, the rate of glucose removal was 
reduced, and at a pH of 3.9 it was practically stopped. The experi- 
ments above pH 7 were not conclusive but apparently there was little 
if any reduction in the glucose removal rate when sludge was aerated 
at pH values up to 9.6. 
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The results show definitely that aeration was required to maintain 
the glucose removal rate. In samples in which the activated sludge 
was maintained in contact with the glucose substrate by stirring with 
a paddle, by agitation with nitrogen, or by mechanical rotation of 
a completely filled bottle, the glucose removal rate was very much re- 
duced within a few minutes. The experiments indicate, however, 
that while oxygen was needed, the ratio of oxygen used to glucose re- 
moved was low. 

When glucose was added to sewage or peptone and fed to sludge, 
these nitrogenous materials did not retard the glucose removal rate 
and possibly increased it slightly. When glucose alone was fed in 
large doses, the glucose removal mechanism of the sludge failed after 
several treatments. This indicated the deficiency of certain nutritive 
elements, probably nitrogen and phosphorus, for the continued main- 
tenance of the process. When sewage containing glucose was fed 
regularly to activated sludge for a period of about a week, the rate of 
glucose removal was very much accelerated. Sludge acclimated in 
this way can remove 1,000 p. p. m. of glucose from solution in about 
90 minutes. This acclimatization phenomenon may be explained 
upon the basis of a multiplication of certain special glucose removing 
micro-organisms in the sludge or by the development of adaptive 
glucose enzymes of the predominant bacteria of the sludge. 

Starvation of the sludge by reaeration without additions of food 
steadily reduced the glucose removal rate. The effect of chlorination 
on activated sludge depended entirely upon the chlorine dose used. 
When a mixed liquor containing about 1,500 p. p. m. of suspended 
sludge solids was dosed with 1.6 p. p. m. of chlorine, the glucose re- 
moval reaction was only slightly affected. When the chlorine dose 
was increased to 6.2 p. p. m. a 75 percent reduction in the glucose 
removal rate was obtained, and with 15 p. p. m. of chlorine the glucose 
removal reaction was completely stopped for 4 hours. 

The results of this study, using glucose as a representative of the 
large fraction of organic material present in true solution in sewage, 
indicate the probability of the rapid removal of such constituents 
from sewage by the purely biochemical processes in activated sludge 
and demonstrate the sensitivity of such processes to temperature, 
proper pH, balanced nutrients, starvation, chlorination, acclimatiza- 
tion, and oxygen depletion. Under the maintenance of proper con- 
ditions, such constituents can be removed at rates which compare 
favorably with the removal of material in suspension from sewage by 
activated sludge. The metabolism of the glucose removed from solu- 
tion by the sludge will be considered in a following paper. 


ACKNOWLEDGMENTS 


Acknowledgment is made of the cooperation of Principal Bacter- 
iologist C. T. Butterfield and Assistant Bacteriologist Elsie Wattie in 








March 8, 1940 422 


preparing the pure cultures of zoogleal sludges and to Cytologist James 
B. Lackey for the cultures of Sphaerotilus natans used in these studies. 


(1) 


(2) 
(3) 
(4) 
(5) 


REFERENCES 


Ruchhoft, C. C., Butterfield, C. T., McNamee, P. D., and Wattie, Elsie: 
Studies of sewage purification. IX. Total purification, oxidation, adsorp- 
tion, and synthesis of nutrient substrates by activated sludge. Sewage 
Works J., 11: 195 (1939). Also Pub. Health Rep., 54: 468 (1939). 

Mills, E. V.: The determination of organic carbon in sewage. J. Soc. Chem. 
Ind., 50: 375 T (1931). 

Mills, E. V.: The ultimate analysis of sewage. J. Soc. Chem. Ind., 51: 205 
T (1932). 

Calvert, H. T.: Report of the Water Pollution Research Board for the Year 
Ending 30th June, 1932, pp. 45-51. 

Kendall, Arthur Isaac: The Utilization of Carbohydrates by Bacteria, in The 
Newer Knowledge of Bacteriology and Immunology by Jordan and Falk. 
University of Chicago Press, Chicago, Il, 1928. Page 232. 

Butterfield, C. T.: Studies of sewage purification. II. Zoogleal forming 
bacterium isolated from activated sludge. Pub. Health Rep., 50: 671 
(1935). 

Baly, E. C. C.: The mechanism of the activated sludge process of sewage 
disposal. J. Soc. Chem. Ind., 50: 22-26 T (1931). 

Lumb, L.: Some notes on the mechanism of the activated sludge process. 
J. Inst. Sewage Purification, part I, 21-32 (1933). Also The Surveyor, 
83: 229 (1933). 

Theriault, E. J.: Studies of sewage purification. III. The clarification of 
sewage—a review. Pub. Health Rep., 50: 1581-95 (1935). Sewage 
Works J., 7: 377-91 (1935). 

Edwards, G. P.: A review of activated sludge theory. Sewage Works J., 
7: 17-22 (1935). 

Mohlman, F. W.: Twenty-five Years of Activated Sludge— Modern Sewage 
Disposal, p. 79. Published by Federation of Sewage Works Associations, 
New York, N. Y., 1938. 

Nesmehanoff, Dr. Ing.: The effect of iron and aluminum salts on the acti- 
vated sludge process. Gesundheits-Ingenieur, 58: 471 (1935). 

Theriault, E. J.: Activated sludge as a biozeolite. Ind. and Eng. Chem., 
27: 683 (1935). 

Theriault, E. J., and MeNamee, P. D.: Adsorption by activated sludge. 
Ind. and Eng. Chem., 28: 79 (1936). 

Theriault, E. J.: A biozeolytic theory of sewage purification. Ind. and Eng. 
Chem., 28: &3 (1936). 

Buswell, A. M.: The biology of activated sludge—An historical review. 
Sewage Works J., 3: 362-368 (1931). 

Dienert, F.: The clarification of liquids by bacteria. C. R. Acad. Sci., 200: 
1253 (1935). Water Pollution Research Summary Current Literature, 
Vol. 8, No. 623 (1935). 

Butterfield, C. T., and Wattie, Elsie: Studies of sewage purification. VIII. 
Observations on the effect of variations in the initial numbers of bacteria 
and of the dispersion of sludge floes on the course of oxidation of organic 
material by bacteria in pure culture. Sewage Works J., 10: 815 (1938), 
also Pub. Health Rep., 53: 1912 (1938). (Reprint No. 1999.) 

Thaysen, A. C., and Galloway, L. G.: The Microbiology of Starch and 
Sugars. Oxford University Press, London, 1930. Pp. 78-91. 

Wieland, Henrich: On the Mechanism of Oxidation. Yale University Press. 
New Haven, Conn., 1932. 

Kluyver, A. J., and Donker, H. J. L.: The uniformity of the chemical mecha- 
nism of fermentative sugar dissimilation processes of microbes. Verlag. 
Akad. Wetenschappen Amsterdam, 33: 895-914 (1924). Zeits d. Zelle and 
Gewebe, 13: 134 (1926). 

Heukelekian, H.: Studies on the clarification stage of the activated sludge 
process. Sewage Works J., 8: 873-87 (1936). 

Seiser, Adolf: Research on the mechanisms of the activated sludge process. 
— 51: 253, 273 (1928). Sewage Works J., 1: 265 

1928-29). 




















423 March 8, 1940 


(24) Morgan, E. H., and Beck, A. J.: Carbohydrate wastes stimulate growth of 
undesirable organisms in activated sludge. Sewage Works J., 1: 46 
(1928-29). 

(26) Ruchhoft, C. C., and Watkins, J. H.: Bacteriological isolation and study of 
the filamentous organisms in the activated sludge of the Des Plaines River 
Sewage Treatment Works. Sewage Works J., 1: 52 (1928-29). 

(26) Pearse, L. (American Public Health Association ‘Committee Report): Bulk- 
ing of sludge in the activated sludge process of sewage treatment. Am. 
Pub. Health Assoc. Year Book, Vol. 27, No. 3, p. 164 (1936-37). 

(27) Agersborg, H. P. K., and Hatfield, W. D.: The biology of a sewage treatment 
plant. A preliminary survey. Sewage Works J., 1: 411 (1928-29). 

(28) Scott, Walter: Bulking of activated sludges: An investigation as to its cause. 
The Surveyor, 73: 345 (1928). 

(29) Eldridge, E. F. ,and Robinson, G. H.: Studies of the activated sludge process. 
Bull. No. 46, Michigan Engineering ow emeemngge A Station (1932). 

(80) Eldridge, E. F., Mallman, W. L., and Robinson, G. H.: The utilization of 
carbohydrates and proteins by activated sludge organisms. Bull. No. 6, 
Michigan Engineering Experiment Station (1934). 

($1) Smit, Jan.: A study of the conditions favoring “‘bulking” of activated sludge. 
Sewage Works J., 4: 960 (1932). 

($2) Smit, Jan.: Bulking of activated sludge. II. On the causative organisms. 
Sewage Works J., 6: 1041 (1934). 

(33) yr Zs The bulking of activated sludge. Tech. Gemeindeblatt, 35: 
169 (1932). 

(34) Schmiedt, F.: The aeration of sewage with and without activated sludge. 
——_ 37: 205 (1934), also The Surveyor (London), 86: 

1934). 

(85) Standard Methods of Water Analysis. 8th ed. Am. Pub. Health Assoc., 
New York, N. Y., 1936. 

(36) Hassid, W. Z.: Determination of reducing sugars and sucrose in plant mate- 
rials. Ind. ‘and Eng. Chem., Anal. Ed., 8: 138 (1936). 

(37) Hassid, W. Z.: Determination of sugars in plants. Ind. and Eng. Chem., 
Anal. Ed., 9: 228 (1937). 

(38) Smith, Russell S., and Purdy, W. C.: The use of chlorine for the correction 
of sludge bulking in the activated sludge process. Sewage Works J., 8: 
223 (1936). 


NOTIFIABLE DISEASES IN THE UNITED STATES, 1938 


Morbidity and Mortality Summaries for Certain Important Communicable 
Diseases 


The United States Public Health Service has recently issued a 
tabular morbidity and mortality compilation, by States and by 
months, for the notifiable diseases as reported bv the State health 
officers in 1938. A summary of this compilation for several im- 
portant communicable diseases is presented here, together with case 
and death rates, case fatality rates, and, in some instances, the esti- 
mated expectancy based on figures for recent prior years. 

For certain diseases, some States do not report cases, or their case 
reports are manifestly incomplete. In such instances, groups of 
States with the most satisfactory morbidity reports are treated sepa- 
rately in order to arrive at more nearly accurate case and case-fatality 
rates, while the totals for the larger group of States include the deaths 
as cases in States which reported fewer cases than deaths. Case 
fatality rates are not computed, however, on such totals. 


! The Notifiable Diseases— Prevalence in States, 1938. Supplement No. 160 to the Public Health Reports. 
The publication of this information has been held up because of the delay in securing reports from a few 
States. 








Mareh 8, 1940 424 


The mortality figures may be considered as approximately correct, 
although they will not agree in all instances with the final figures of 
the Bureau of the Census. 

The estimated expectancy, given for some of the diseases, represents 
an attempt to ascertain from the experience of recent years the number 
of cases of a disease that might normally have been expected in 1938. 

In comparing the numbers of cases reported in 1938 with the esti- 
mated expectancy, or with figures for prior years, it should be borne 
in mind that there has been a gradual improvement in the reporting 
of notifiable diseases and that the population has increased. A large 
increase, however, especially in the case rate, is quite likely to repre- 
sent an actual increase in the prevalence of the disease. 

The populations given for groups of States, used in computing case 
and death rates, are totals of estimates made for the individual States 
by the Public Health Service as of July 1, 1938, while the total popu- 
lation of the United States is the estimate of the Bureau of the Census. 


CHICKENPOX (44A)* 









48 States: ! 
Cases reported, 1938 (population 130,215,000) --.... 2.2222 en en enews cece een 286, 848 
EES naan 253, 886 
EE EE RP Ee a een 2. 203 
Cases per 1,000 inhabitants, estimated expectancy...............-.---------.-----...-.-.-- 2. 005 
Deaths registered, T008.............ccccecccccese ma 104 
Deaths per 1,000 inhabitants, 1938_..........................-.-..-- 0. 001 
Cases reported for each death registered, 1938_..................-..-.-----.---------- 22-22 -- ee 2, 758 
DIPHTHERIA (10) 
48 States: ! 
ne IE, Bre re BE FUR a cin cccecccecscecccccecceucccdecscccccscece 30, 508 
ES aa 42, 309 
SESE CORRS 0. 234 
Cases per 1,000 inhabitants, estimated expectancy-.-..........................-.-------------- ee 0. 334 
ORS RET TN Le EAT ILE oe ae ae ee LE CE 2, 560 
a EGRESS Sen rae IEE ES 0. 020 
ete Se UUs GEN SOI, BOs oon cetreencncccussovanencsecssoeseccocsccossecs 12 
DYSENTERY (AMOEBIC) (13A) 
28 States: ! 
Cases reported, 1008 (population 07,376,000)... . onc ce ccc ccc ccc ccccccccccscce 2, 490 
a alk seid npestiienlameemenniadanieaeinnieuss 0. 026 
I a sleds kcaebinde adie eeivenaunatindiiianiotin 224 
ISS 0. 002 
Cases reported for each death registered, 1908... ..nccccccccoccecccccccccccccccccccnceccece 11 
35 States: ! 
en eens, Bee GOED DUT SUE IND. .......ccccccnccectecnsecasssbechsedseesmewesnnecsio 22, 538 
Tat. eh oc bss aiamibeedibinaamaeeanebnkiibgenibineda 272 
EE ER Sa 0. 002 
47 States: ! 
Deaths registered, 1938 (population 129,978,000) ............cccccccccccncoccccccccceccncccscece 274 
a_i OR ee aee 0. 002 
DYSENTERY (BACILLARY) (13B) 
30 States: 
Cases reporte4, 1988 (population 101,908,000)... cccccccocccceccccccccccccccccccccccocccecs 20. 382 
SERA eae ERS ea ea 0. 200 
EI RTS SE ET A EAE PLS RN Se 966 
I in te ce ea 0. 009 
| Rae 21 
42 States: ! 
Savane Deeneees, Gee pmenneents SEMIN... ncccncsccecccccecncendssssoesasensnessncuseuan 1 20, 644 
Deaths registered, 1938......................... 1, 228 
Deaths per 1,000 inhabitants, 1938 0. 010 
46 States: ! 
Deaths registered, 1938 (population 128,086,000) - . . .... 22-222. n ene n tcc c ccc cnce 1, 263 
o_O ee ere 0.010 


ae Ld parentheses in the subheadings are disease title numbers from the International List of Causes 
if) eath, 1929. 

1 The District of Columbia is also included but not counted as a State. 

* Includes the numbers of deaths used as cases when no cases are reported, or when the reported numbers 
of cases are less than the numbers of deaths. 
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ENCEPHALITIS, EPIDEMIC OR LETHARGIC (17) 


80 States: 
Cases reported, 1938 (population 80,048,000)... 2.2... nee eee en nee 
Cases per 1,000 ~ <r Sul nian nbapnebendsadendaddibedtinnmumennsinkenediadiibaisanamunndin 
Deaths registered, RE eS aes 
Deaths per 1,000 tchabtiaats, ____, RE ERS Se eee iene i 
Cases reported for each death registered, 1938 

45 States: ! 


Cases reported, +. } pepuiation 129,238,000) 

Deaths registered, 1938 _.......... 

Deaths per 1,000 tahabliaats, 1938_ 
48 States: ! 






























Deaths registered, 1938 (population 130,215,000) a 787 
Deaths per 1,000 inhabitants, uit cubdddinkiségkabonenseddhuaknitisasdeundinuaainnnnedhonsedaens 0. 006 
GONORRHEA (35) 
48 States: ! 
Cases reported, 1938 (population 130,215,000). .....-. 22.2 cece enn c cece cece ccc cncnnee 181, 845 
RR E LR FERAERELLEELEL TT 1, 396 
— ulation 81,053,000) es 
ases re ee 128, 736 
— ane Renae Steen en Roatan + 588 
Deaths registered. 1 RSS A SERPS NSD SN Ra TS SE Ra Sr 12, 568 
A REN PERRET RAE TSMR SEER TE 0. 155 
‘ases reported — eR eEEnERRaraErtN 10. 243 
48 States:! 
Cases reported, ~~ ( Sprpeiation EE a ee eT ee Pee eae ee EE, 9132, 054 
Deathe registered, 1978 _.. ................ccncccecee ncitenienataningeladidnideanbntiietieiindstaeinientetnadhiasht 16, 778 
Deaths per 1,000 iabebtianta, Dashade cin loaned inscliclactbihchncaat ia ctiicehs ini ha en 0. 129 
86 States: MALARIA (38) 
Cases reported, 1938 (population 120,024,000) _ .... 2... ccnnccccccccccccccccccccccccceccees 
gS ae erga ene mente " 
Deaths registered, 1938 cabana 
Deaths per 1,000 inhabitants, 1938. __ x 
Cases reported for each death registered, pati Unpehtebda cr accmnanantetatndadscacartecss 
88 States: 
nPONOOG,, TET. onc cecnccccnccnsaccesese 
48 States: ! 
Deaths registered, 1938 (population 130,215,000) . ....- 2.2.2 n enc c ec cece ccc c ccc cc ence 2, 307 
EERE AEN AA aE TEN 0.018 
48 Btates:! MEASLES (7) 
Cases reported, 1938 (population 130,215,000) - .... cee c cece cece cece ecnenne 822, 811 
cr iS aaa tinier ene a 6.319 
EEE EES ETE TL ILS Fh SE RG ASIEN Be 3, 227 
a epee eben amare ners hg Olle as 0. 025 
Cases reported for each death registered, 1938... 2.2... ccc ccc cence ccc ccccccccecccccece 255 
44 Btates:1 MENINGITIS, MENINGOCOCCUS (18) 
Cases reported, 1938 (population 122,749.00)... eee eee 2, 788 
Estimated exnectancy based on years 1031-37. . . 2.2... ccc ccc ccccccccccccccccccccccccecce 4, 095 
eT ol. Se eee ena es 0. 122 
Cases per 1. inhabitants, estimated expectancy atinihnienendaabuammaaintiamtaietetinie cet 0. 934 
i ESE GE EE AERIS ED EEE IEEE 960 
EE ELIF ELLE LLL LOT LEE SLI LOE LD I OEE 0. 008 
Cases reported for each death RRR ANE S EPEREN YER SIT BRINKS ASIN 2. 904 
47 States:! 


Cases reported, 1938 (eepuiation 128,323,000) 
Deaths registered, 19388 2 ele 






Deaths per 1,000 inhabitants ,1938_____ nies 

48 States: ! 
Deaths registered, 1928 (population 130,215,000) .....-..... 2-222. e eee ene e ee ee 1, 106 
EER RT ae a I A A 0. 008 

' 

448tates: MUMPS ‘PART 44C) 
ene pepereed, 608 Cpepuliation BA7,600, G00). q.....oncnccccccccccccncccccosccscoccccesoceecoccss 152, 749 
Estimated exnectancy based on years 1081-37... .... 2... en ccnnccccccccccccccccccceccccccss 109, 904 
ee eee i erate aiaig aN Le EN 1. 408 
Cases per 1,000 inhabitants, estimated expectancy cliche tactile Aire enebiaeeaae dabibindlaaiiinamanaisteees 1. 043 
ER a SS Pe aE, PT REIL OTE LAE ED 57 
Deaths per 1,990 inhabitants, ee 
Cases reported 8, RR RES NEE 2, 680 

47 States:! 
Eee ae a ee ae OE See Te ee ee 9153, 967 
Deaths registered, 1938 (population 128,323, SR ee ee ae ee 68 
a aieuisaielinaduseeenbeslicenineiiareatanmiaba 0. 0005 


1 The District of Columbia fs also included but not counted as a State. 
1 Includes the numbers of deaths used as cases when no cases are reported, or when the reported numbers 


of cases are less than the numbers of deaths. 
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21 States: ! PELLAGRA (62) 


















































Cases reported, 1938 (population 55,325,000). ..........-..-- iebaindb ei aininedianes Nesinnnnnieiinn 14, 676 
Cases per 1,000 inhabitants, 1938. __...........--..---.--- ee naa Menten Te 0. 265 
a Eee Net Sane --- 3,053 
Deaths per 1,000 inhabitants, 1938_........-.......---..-....--------- 0. 055 
— reported for each death registered, 1938___-......... icant aah dnainainchindanninits 4.807 
37 States: 
Cases reported, 1938 (population 124,731,000)_................- ied eile is anil haliledbintareitsdebebinsecnatdon 914,799 
EP SRE aE ES RE ee es Ey LTS eR eT aC 3, 17! 
a aa aa - 0.025 
48 States: ! 
Deaths registered, 1938 (population 130,215,000) . ........-..- 2.2. e eee eee ee 8, 176 
ee CNY BOE etiiiatcncsdncsccdcsatsnnksbebonctonsobersesdanenssosmencnen - 0.024 
22 States: 1 PNEUMONIA (ALL FORMS) (107-109) 
ne, eee nena CREE SED... ......nnuniccdncnieneinensuneesnededencaumenseaeiunn 96, 927 
I OT sc ce vt alc Unvented ahdastbesne eigenen 1. 873 
ERLE ESS a AEP SS IIE NS ORE aN 41, 885 
yh ORS See eRe ean 0. 680 
Cases reported SF RE eae 2.314 
48 States: ! 
Cases reported, 1938 (population 13° 215,000) - ..... 2... nen e ene e ec nn enn e een - eee ence $3143, 997 
I sadam aneseiaen ein mnneinemaeneeaiabiaiily 87, 867 
Deaths per 1,000 inhabitants, oi ibs-cdipiehiniinttnbibisnenicmasmnadadiaeanindihbasanniaaeniiaiinaentbinetti 0. 675 
POLIOMYELITIS (16) 
47 States: ! 
Canon somented,, TO00 Crmmeiatie TOR TIBI nanan ccnccccetncccccccnsonccccsccoscesecescoces 1, 705 
Estimated expectancy based on years 1931-37. . . .. 22-22 e eee c ence c cece cece cc cce 4, 553 
NE EES TED 0.013 
Cases per 1,000 inhabitants, estimated expectancy-_...............-.-.---.--..---------- eee ene 0. 036 
RR IRR RENO AAR II nee NE SN 478 
RE Rea - 0.004 
Cases reported for each death registered, 1938_......... 3. 567 
48 States: ! 
Deaths registered, 1938 (population 130,215,000) 478 
Deaths per 1,000 inhabitants, 1938_-..........-..-...-.......--..- 0. 004 
48 States: ! SCARLET FEVER (5) 
ee IE, TED RII Fo oicecnccccndsnccenconensecscnsesnetessesecenssons 189, 631 
Estimated expectancy based on years 1081-O7...... occ cccncccccccccccccccccccoccccccccccecs 211, 057 
Cone OP Cy SI, TID... <n nceccccsncceucncceensseneoen eh 
Cases per 1,000 inhabitants, estimated expectancy _. a0 emg emeeenenatieneme banat -~ On 
Deaths registered, I sieia idan atid eae atediabiec tated she eahnaialauniacniaeonbibieeranhibaidiniommetiliiineisdiniés 1, 216 
8 Ree ee 0. 009 
Cases reported for each death registered, Se a eee 156 
81 States: SEPTIC SORE TITROAT (115A) 
"ne ee 7, 205 
Sn ST caine em eg cnidoebeigdisinin inna inetd cen teniiecicnebnintaanan 0. 091 
ERG SIN SS ERE ET SS A IER ee 1,099 
RHA 0.013 
TS OE eee eee 7.141 
46 States: ! 
Cases reported, 1938__.. m ~~ 99, 445 
44 States: ! 
Deaths registered, 1938 (population 112,586, 000) ......- = 1,927 
Deaths per 1,000 inhabitants, 1938.................. 0. 014 
48 States: ! SMALLPOX (6) 
Cases reported, 1938 (population 130,215,000) _.......... an 49, 319 
Metimated expectancy Dased om Years WSIKAO7 ... ...cccccccccccccccccccccccccusccccccccecccccoss 7, 300 
SS eee aaa 0.115 
Cases per 1.000 inhabitants, estimated expectancy-.-............-..- - 0.058 
8 RAS ee ey eae 









Deaths per 1,000 inhabitants, 1938. ; 
Cases reported for each death registered, 1938___........ 


SYPHILIS (34) 

















48 States: ! 
en Ren, Seen GOIN IN GE EINUIND. so cncrcichtineieuedineechbenesenausnediemaaenions 476, 702 
Ee EES BIE cicivnninncnccccdedninedinindmebethaniennbeiesseasnbonnesmdbee 3. 661 
37 States: TUBERCULOSIS (ALL FORMS) (23-32) 
ee a 95, 383 
I aI, III, cha a cnn Nem nitnlamieaeitadheniaeidieneigdeniamuniniddiniiie 0. 899 
EE EE IRAN ESS SR I CTL ee MGR 49, 696 
RO NE - 0.468 
Cases reported for each death registered, 1938__-..........-.....2.-.-.--.. 1.919 
44 States: ! 
aan dandelions tics alaaheiinikaecinnenta 1104, 964 
48 States: ! 
Deaths registered, 1938 (population 130,215,000) ..... 63, 155 
Deaths per 1,000 inhabitants, 1038... ............-ccececcccncccccce aie 0. 485 





1 The District of Columbia is also included but not counted as a State. 

* Includes the numbers of deaths used as cases when no cases are reported, or when the reported numbers 
of cases are less than the numbers of deaths. 

? Includes 4,296 cases of lobar pneumonia only, reported in Massachusetts. 
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TUBERCULOSIS (RESPIRATORY SYSTEM) (23) 











19 States: 
Cases reported, 1938 (population 51,673,000) - .. 2.2.2.2... cece nec c ccc meen cc cecencecccccce 47,107 
a si sessecninbnchcnhemdnisiia theca rtoeeitaepiniieeniaemsdaanlaeiiininsaaaiacn 0.912 
oes sg coubelilieagiitlauenbnbiemsicemmnnmicdeiiacaiadh 23, 000 
i a pull esinnniomedieeaieciainmmeniibadands 
Cases reported for each death registered, 1938 

47 States: ! 
Cases reported, 1938 (population 129,797,000) 
<a ESRRTe 
Ya ERR Saale RC TS aR SS ES RIE 

48 States: ! TYPHOID FEVER (1) AND PARATYPHOID FEVER (2) 
Cases reported, 1088 (population 190,215,000)... ccccccccocccccccoceccccccccoccsescccccccce 14, 903 
Metimoated eupectency based om yours W5GI-S7 ... .... .nccacccccccccccccacceccccccecccecccececsese 20, 282 
I ein nn aiabieaeeidenaeiadieaee se 0.114 
Cases per 1,000 inhabitants, estimated expectancy---.............................-...--------- 0. 160 
I kia a aiken ndsibisbadaaciamianinkaaeomamnaed 2, 397 
esa ei cosaensbisasehiahibeceadi@mmansbesameenininns 0. 018 
Cases reported for each death registered, 1938... . noc cccccccccccccccccccccccccccccces 6. 217 

48 States: ! WHOOPING COUGH (9) 
Cases reported, 1938 (population 130,215,000) -...................... eaiheneaiaicaiiastuaiuisbiabidsasieksdoiacidiien 227, 319 
Estimated expectancy based on years 1081-37... ........cccccccccccccccccccccccccccccecccccccccee 189, 549 
EEE IAL TEATRO 1.746 
Cases per 1,000 inhabitants, estimated expectancy.......................---.-.-.---.--------- - L497 
8, ___ RAP I SR Pg eaten regan Rae Et 4,7 
Deaths per 1,000 inhabitants, 1938_................. TSS Pa 0. 036 
Cases reported for each death registered, 1938. ............................. iceinaieneaiianimanieainne 48 


! The District of Columbia is also included but not counted as a state. 
4 Includes the numbers of dea‘ hs used as cases when no cases are reported, or when the reported num. 
ber of cases are les; than the number of deaths. 
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March 8, 1940 430 
THE FIRST UNITED STATES CENSUS OF HOUSING 


The first comprehensive data on housing in the United States will 
be secured in conjunction with the 1940 census which is to be con- 
ducted by the United States Bureau of the Census in April of this 
year. 

In view of the intimate relationship between housing conditions and 
health, the information covering the entire country that will be made 
available by this part of the coming census will be of great value to 
health departments and social workers as well as to housing authori- 
ties, other governmental agencies, and commercial interests. By 
correlating the data secured in this census with information regarding 
sickness and death and with the incidence of specific diseases, the rela- 
tionship between conditions of housing and health can be better estab- 
lished and the housing program more definitely determined with 
respect to human needs. 

There are 31 questions on housing to be asked by the enumerators. 
These questions fall under 4 general headings, as follows: 

1. Characteristics of structures in which the dwelling unit is 
located. 

2. Characteristics of dwelling units. 

3. Characteristics of occupied dwelling unit. 

4. Mortgage characteristics of owner-occupied nonfarm 1- to 4- 
family structures. 

The first three of these headings will contain questions which will 
provide information of especial interest to health and social workers, 
such as physical condition of structure and number of dwelling units 
contained, number of rooms, number of persons in household, water 
supply, toilet and bathing facilities, lighting, heating, and refrigera- 
tion. 

The Senate Committee on Education and Labor of the United States 
Housing Act sums up the estimated extent of the housing problem in 
the United States by the following statement: 

It is now a matter of general agreement that even before the depression com- 
menced over 10,009,000 families in America, or more than 40,000,000 people, 
were subjected to housing conditions that did not adequately protect their health 
and safety. 

This quest for information that will be most helpful in disease pre- 
vention as well as in all human betterment programs deserves the 
unqualified support of all health and social agencies as well as of all 
individuals. Health departments and housing authorities may help 
in securing this aid and cooperation through educational publicity. 
The concerns and programs of these agencies meet on a common basis 
in the need for full information regarding housing conditions that 
affect edversely the health, lives, and comfort of the people of the 
United States. 
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DEATHS DURING WEEK ENDED FEBRUARY 17, 1940 


[From the Weekly Health Index, issued by the Bureau of the Census, esboetetsecnaie of Commerce} 








Week ended 
Feb. 17, 1940 





Data from 88 large cities of the United States: 
Total deaths 
Average for 3 prior “years. : 
Total deaths, first 7 weeks of year 
Deaths under 1 year of age 
Average for 3 prior years 
Deaths under 1 year of age, first 7 weeks of year 
Data from industrial i insurance companies: 
| ee 
Number of death claims. : 
Death claims per 1,000 policies in force, annual rate _- 
Death claims per 1,000 policies, first 7 weeks of year, ‘annual rate__ 





66, 256, 632 
12, 586 

9.9 

10.4 





Correspond- 
ing week, 
39 








PREVALENCE OF DISEASE 





No health department, State or local, can effectively prevent or control disease without 
knowledge of when, where, and under what conditions cases are occurring 


UNITED STATES 


REPORTS FROM STATES FOR WEEK ENDED MARCH 2, 1940 


Summary 


The decline in influenza continued, with 11,533 cases reported for 
the current week as compared with 13,950 cases for the preceding week. 
The figures for the current week do not include a cumulative delayed 
report of 10,035 cases which the State health officer of Indiana reported 
to have occurred in Madison County since the first of the year and not 
previously recorded. It was stated that there had been an outbreak 
in that county, during which the schools in some localities had been 
temporarily closed. The distribution of these cases by weeks is not 
available. 

All geographic areas which have been reporting a considerable num- 
ber of cases, except the East North Central States, showed a decline. 
The increase of 208 cases in that group of States was accounted for 
entirely by the increase in Ohio, which reported 253 cases for the cur- 
rent week. 

All the other 8 important communicable diseases included in the 
weekly telegraphic reports were below the median expectancy, based 
on reports for the 5-year period 1935-39. For the first time in 1940 
the weekly number of cases of poliomyelitis dropped below the 5-year 
median. The cumulated totals for the first 9 weeks of this year are 
well below the median 5-year totals for the corresponding period for 
all 9 diseases except influenza and poliomyelitis. The current 8 
weeks’ total for measles is less than half, for meningitis about one- 
third, for smallpox about one-fourth, and for typhoid fever a little 
more than half the 5-year median. 

For the current week, 23 cases of endemic typhus fever were 
reported, 9 of which occurred in Georgia. 
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Telegraphic morbidity reports from State health officers for the week ended March 2, 
1940, and comparison with corresponding week of 1939 and 5-year median 


In these tables a zero indicates a definite report, while leaders imply that, although none were reported, 


cases may have occurred. 














































































































, J Meningitis, me- 
Diphtheria Influenza Measles ningc 2 
2 Week ended Week ended Week ended Week ended 
Division and State Me- we me Me- | Me. 
dian, dian, dian, dian, 
Mar. | Mar. | 1935-| Mar. | Mar. | 1935- | Mar.| Mar. | 1935- | Mar. | Mar. | 1935- 
2, 4, 39 2, 4, 39 2, 4, 39 2, 4, | 39 
1940 | 1939 1940 | 1939 1940 | 1939 1940 | 1939 | 
—s = —— — —E—— SEE EEE —————— —— — 
NEW ENG. | 
0 1 6 2 3 46 15, 336 10 165 0 0 0 
New Hampshire---__- 0 0 0 coe SAE “a 23 9 13 0) 0} 0 
de 0 0 ee Eee aeee ll 23 23) 0 0) 0 
Massachusetts___.--- 3 5 SE PS 329; 1,061 916) 4 2) 3 
Rhode Island. -------- 0 0 Rae . 183 14 43 0 0 0 
Connecticut --.---.--- 4 0 4 7 30 21} 150 490 490 0 0) 1 
MID. ATL. 
New York__........- 18 23 34 168} ‘91) 156) 468) 1,224) 1,848 l 6 13 
New Jersey.........- 7 10 14 29 24 29 7 45 842 1 0 3 
Pennsylvania-_--_-.--- 28 38 41 ee TRA ee 254 182 797 12 6 6 
E. NO. CEN. 
SS 12 48 35  «e 103 28 31 421 3 3 
| 12 17 27 52| 607 89 23 23 40 1 0 1 
PUNO --asccnceovcens 18} 8932) «40 52) 1, 241 71 30 23} 32] 2 1 7 
Michigan $___._._--- 1 12) 12 20; 429 10} 213 320) 320) 1 0 2 
WEIN. .ccccnncess 5 0) 2 173} 584) 120; 233) 1, 086) 1, 086) 0 0 2 
Ww. NO. CEN. 
Minnesota... ......-.-- 8s 3 3 3} 12} 5 253) 1,120) «6289) }tséO 2 
DEIN «5 cincecnhadeainie 3; 4 5 65) 1,083, 27, 309) 192 5A 0 0 1 
Missouri eee 19) 25 20 32) 644, 382) 54 14 20 1 2 3 
North Dakota. ----.-- 2 0 1 44 (364 12) 11 215 8 0 0 0 
South Dakota. ...---- 1) 4 2 1 77 2 0} = 280 3 0 0 1 
Nobrasks...........«. 0) 0 8}. iol 2) _ 49 42 29) 0 1 2 
Kansas. - seve 5 ’ 13 41) 116, 32) ~—-639) 10 12) 0 1 2 
SO, ATL. 
| 
Ce 0) 2) 2 a ; | ce 1 0 26 0 0 0 
Maryland #..........- 4 5 9 55 124) «72} Ss) so77), ss 46}—ssa]} sa ss 
Dist. of Col.........-- 7 7| 7| 4, 25 3 2) 19 19) 0 2| 2 
Virginia_...-..-----.-| 12) 16, 16] 1, 696| 1, 509) | 30) 2} 252) 0 0 5 
West Virginia *.....-- 8) 7 12 1,500, 271; 236 9 13 38) 1 0 2 
North Carolina 4__.._- 13 14, 19 52} 97) 174) 183) 1,563 787 2 2 5 
South Carolina. ---.-- 5 12) 6 945) 1,181) 1, 181 6 27 33 0 1 1 
Georgia ¢___......--.. 13 2) 6 590/140; 304) 94) 153 3 0 1 
Florida..____. 10 a) 9 9 33} 6s) iss) 02) fs 
E. SO. CEN. | | 
pene 8 7 15 107) 1,348) 117 32! 56 121) 1 3 6 
Tennessee ¢__.......-- 4 8 10 231; 146; 175 78 80 52} 2 1 6 
Alabama 5. __........-. 6 8 15 528, 599) 889) 224 228 228} 1 1 2 
Mississippi #._.._.-.. a ee Pee Cie Pew Tove | ; Oo oOo 0 
W. SO. CEN. | 
Arkansas_.__..__....- 2} 7} 3| gag a,473; isd) 17} 76,58] ts 
Louisiana 4.._........- 3| 8 14 194 30) 37) 12 183) 51 3 0 1 
Oklahoma. ._........- 6 4 10 443, 334 256 3 148, 54 0 0 2 
SR 23 40 45) 2,547) 965) 897, 465) 330 418) 1 4 5 
MOUNTAIN 
aes 0 0 1 4) 126 45 22 363; 62) 0 0 1 
| 0 1 0 1 1 3 96 79 28 0 0 0 
_: SeRaeeereenae sat 0 6 ae EES 57 119 17 1 0 0 
J "i SaSaR 7 3 8 25; 150)_.__.. 25 98 98 0 1 1 
New Mexico.......... 0 1 5 2) #57, +30) 4 «638 06=6 388i ttsé 1 
a 3 5 5 280, 144, 144 25 31 31) 0 2 1 
SP 3 1 1 17 RS 341 130 24! 0 0 0 
PACIFIC 
Washington..........- o «4 4 68) a} 776] 352) usz2)'sa} sss 
eR, 8 1 1 88 97; 100) 446 60 60 0 0 0 
California............- 21; 45) = 33 580} 50) 202} 462) 3,845 =f64 5 8 
a 821] 456) 548) 11, 633 14, 288 11, 515| 7,149 15,922 15,922 44) 44) 154 
ONL. cssekiensidatal +3, 716| 4,990) 6, $08, +124,174 61, 047,51, 047 44, 809 106, 124/106, 124 aif ‘i 987 





See footnotes at end of table. 
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Telegraphic morbidity reports from State health officers for the week ended March 2, 
1940, and comparison with corresponding week of 1939 and 5-year median—Con. 



















































































Poliomyelitis Scarlet fever Smallpox wom of 
Division and State |Week ended) yy,. | Week ended | yy, | Week ended | yy, |W Me- 
dian, dian, dian, dian, 
Mar. | Mar. - Mar. | Mar. = Mar. | Mar. =" Mar. | Mar. = 
2, 1940 4, 1939 2, 1940 | 4, 1939 2, 1940 |4, 1939 2, 1940 4, 1939 
NEW ENG. 
Maine. ineanend 0 0 0 3 27 21 0 0 0 0 1 1 
New Hampshire... --- 0 0 0 3 4 13 0 0 0 0 0 0 
_ | eae 0 0 0 2 9 13 0 0 0 0 0 1 
Massachusetts__....-- 0 0 0 135 229 229 0 0 0 1 0 | 
Rhode Island_-_.....-- 0 0 0 15 12 18 0 0 0 0 0 0 
Connecticut -.......-- 0 0 0 82 98 90 0 0 0 1 0 0 
MID. ATL. 
New York-_-_----.- 2 1 1 835 638 948 0 0 0 1 5 5 
New Jersey. ---.- 0 425 196 196 0 0 0 0 2 2 
Pennsylvania 0 1 1 389 404 608 0 0 9 4 3 
E. NO. CEN. 
Ee 1 0 0 436 646 491 1 22 3 2 2 
a eee ee 0 1 1 168 204 246 1 86 4 1 2 3 
SRR 1 1 1 703 516 707 4 15 12 3 1 2 
Michigan #__........-- ) ee |e) 44 13) #1 1 1 1 
ED... cansccesecs 3 0 0 136 293 333 13 5 9 0 0 0 
W. NO. CEN. 
Minnesota............ 0 0 0 118 111 149 5 12 12 0 0 0 
i aati eit cdial 0 0 0 65 126 126 4 37 20 1 0 0 
| Sess 0 0 0 101 125 219 4 6 17 7 1 2 
North Dakota. __..__- 0 0 0 17 15 50 0 3 8 0 0 0 
South Dakota__......- 0 0 0 14 23 24 0 ll ll 0 0 0 
| EE 0 0 0 19 41 66 0 14 14 0 0 0 
SCRE 0 0 0 83 154 217 2 4 28 0 0 0 
SO. ATL. 
Doetawers..... .cncoscese 0 0 0 7 0 10 0 0 0 0 0 0 
Maryland ®........... 0 0 0 43 47 73 0 0 0 2 0 2 
Dist. of Col_. aes 0 0 0 26| 20 25 0 0) 0 0 1 0 
Virginia. 2-222} of Sissi} a0 oo of _of _w 8 2 
West Virginia § - 2-2 ) a en) re <) | 1 OF of oOo 6 3 
North Carolina 4._...- 0 0 1 45 32 37 1 0 0 0 3 1 
South Carolina. _..... 1 0 0 1 5 5 1 0 0 1 1 1 
rae 0 0 0 25 13 7 0 0 1 1 4 3 
SI: <ishantincnadinedl 0 0 0 13 18 5 0 0 0 1 6 2 
E. SO. CEN. 
| ee 0 0 0 &8 68 68 0 4 0 2 5 5 
Tennessee ¢_ .......... 0 0 0 77 53 28 4 7 0 4 0 1 
ll ae 0 1 1 18 21 15 0 0 0 1 1 2 
Mississippi *_......... 1 0 0 8 7 9 0 0 0 0 3 1 
W. SO. CEN 
aa 0 0 0 6 9 9 2 1 1 0 1 1 
Louisiana ¢..........- 0 ] 0 11 6 11 0 0 1 1 54 7 
eee 0 0 0 13 45 39 1 55 8 1 1 2 
ARES 2 0 1 67 89 89 5 25 7 5 20 7 
MOUNTAIN 
td 0 0 0 33 27 31 0 3 8 0 0 0 
Ses 0 1 1 20 18 18 0) 16 4 0 1 0 
eee 0 0 0 6 2 37 0} 0 1 1 1 0 
Colorado. ---22 2222222 o} 6} Ss io}saws},—issas]C sss,sissat} ss ia 
New Mexico_.-.....-- 1 0} 17 27 7 1 0 0 0 4 4 
(ESP 0 0 0 14 10 10 1 6 0 1 0 0 
ERIE 0 0 0 24 42 54 0 0 0 0 0 0 
PACIFIC 
Washington. ......... 0 0 0 64 63 63 0 4 11 1 
ea 0 0 0 32) 7 47 1| 9 9 0 
oS “See 2 3) 175 _ 285) 0 38 12 8 
ee 1s 12) 185,147 $398. 7,153 67 396 203 100 
9 weeks............... 75, 145, “192 540, 913, 48,1 48 “87, 724) 640, 3, 597 2057] 674 1, 037} 1, 037 








See footnotes at end of table. 
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Telegraphic morbidity reports from State health officers for the week ended March 2 


















































. * . Fis 
; 1940, and comparison with corresponding week of 1939 and 5-year median—Con. 
Whooping cough Whooping cough 
Division and State Week ended Division and State Week ended 
Mar. 2, | Mar. 4, Mar. 2, | Mar. 4, 
1940 1939 1940 1939 
- NEW ENG. 80, ATL.—c_ntinued 
ee 46 64 
New Hampshire..._-......._. 0 0 || South Carolina_.............. 22 106 
’ , ss Ree 70 it 7 SP eRAteees 11 12 
) Massachusetts_..............-. 119 | RR aR SRE: 4 $1 
1 8 nr 19 96 
} CEs ccecicnsescseces 63 77 E. 80. CEN, 
; MID. ATL, Eee 52 10 
RRR EE 31 41 
i) 492 f° See 12 51 
ON RASS 84 57: EI | See a 
: ee 341 282 
, W. 80. CEN. 
3 E. NO. CEN, 
| RE ERS kee 156 Be I i chcomansaneneiininse 1 17 
SEE 33 |) — | Saas 28 1 
RSS 110 Se Sn acunccictntaonsens 5 6 
2 NT  _ Eee 153 I 154 96 
3 WD diiciacntutonansuned 130 273 
2 MOUNTAIN 
i W. NO. CEN 
" ee 10 7 
IIE, ccncccncécessmunnns 28 Ot Te: dc biinnpiimiicatemweneled 8 0 
ON eae 7 1 |) eens 12 1 
A OE RES 11 Sf 0 a ll 35 
0 8 Seas 13 Be Oe Se SD ccctcntacencoones 71 45 
2 Bett TUMOUR... nccncodacosess 1 ff 0 eS: 23 19 
) Nebraska_.........----------- 4 Yo... ., ateRP RSIS eRereie 17 51 
0 Kansas. ..---.-.-------------- 36 22 PACIF.C 
4 80, ATL. 0 24 32 
EE 8 | | "Cae eSaN OG: 44 13 
TES: 207 6s ER 167 162 
" OR |. PSE aR: 6 17 
) .... 6 eerste: 45 7 cccctenctimiaibetnaeaa 3,174 3, 999 
) West Virwinle %......ccccccceee 42 24 ——S= | —_—_——— 
2 North Carolina 4............. 138 0 25, 267 38, 184 
3 
; 1! New York City only. s 
3 3 An estimate has been reported of approximately 10,000 additional cases of influenza in Madison County 
2 since about the first of the year. 
3 Period ended earlier than Saturday. 
‘ Typhus fever, week ended Mar. 2, 1940, 23 cases, as follows: North Carolina, 2; South Carolina, 1; 
5 Georgia, 9; Tennessee, 3; Louisiana, 1; Texas, 7. : : 
1 * Later inf »rmation increases to 8, 9:2, and 15, respectively, the reported cases of diphtheria, influenza, 
2 and scarlet fever in Alabama for the week ended Feb. 17, 1940. See PUBLIC HEALTH ReErortTs, Feb, 23, 
1 1940, pp. 335 and 336. 
1 
7 
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2 
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WEEKLY REPORTS FROM CITIES 
City reports for week ended February 17, 1940 





This table summarizes the reports received weekly from a selected list of 140 cities for the purpose of 
showing a cross section of the current urban incidence of the communicable diseases listed in the table. 





















































Diph- | Influenza | Mea- | Pneu- _ Small-| Tuber bid . ae Deaths, 
State and city theria|———— sles _| monia} saver | POX | culosis) oon oa all 
cases | Cases! Deaths | °@*S | deaths cases | Ca8e8 — cases | cases | C2USeS 
Data for 90 cities: | 
5-year average. - 176 |1, 124 146 | 5, 558 975 | 2,091 36 398 18 Sg Senne 
Current week - - 96 }1, 030 135 | 1,245 769 | 1,584 1 360 13 gs eS 
i 
Maine: 
Portland aad | 0 12 3 0 0 0 0 9 26 
New Hampshire: 
Concord J | RS 0 0 1 0 0 0 0 0 9 
Manchester - -- 0} 1 0 0 1 0 0 0 0 22 
Nashua. -....-- _) ae 0 54 0 1 0 0 0 0 5 
Vermont: 
Barre ial 0 | J 1 nar. 0 0 j 0 | 
Burlington... | 0 1 0 | 1 0 0 0 3 7 
Rutland 0) 0 0 | 1 | 0 0 0 0 0 % 
Massachusetts: | 
Boston 0 ‘ 2 12 19 37 0 | 7 0 30 208 
Fall River . | | 0 4 3 1 0 l 0 9 37 
Springfield | 0 3 2 5 0 1 0 5 33 
Worcester 1 | | 0 2 19 18 0 1 0 0 58 
Rhode Island: | 
Pawtucket 0 | | 0 1 0 0 0 0 0 0 13 
Providence 0 | 0 91 0 s 0 1 0 s 51 
Connecticut: 
Brideeport 0 0 0 3 1 0 1 | 0 0 35 
Hartford 0 2 0 l 3 6 0 | 0 0 9 43 
New Haven 0} 2 0 2 2 0 | 0 0 1 41 
New York | 
Buffalo pied 1 0 1 13 25 0) 5 0; 10 133 
New York an 28 | 43 10 61 5 456 0} 76 0 S4 1, 620 
Rochester 0 | 3 0 1 3 8 0} 0 0 3 69 
Sy racuse 0 wii 0 0 3 6 0 0 s 49 
New Jersey: | 
Camden. ......- i | 1 1 0} 5 i) 0 0 0 0 37 
Newark . ...«<.. 0} 7 0 10 10 15 0 2 0 17 102 
Trenton _....-- 0 | 0 0 5 7 0 l 0 0 i 
Pennsylvania: } | 
Philadelphia. - - 4] 18 8 15 44 69 0 23 | 2 69 617 
Pittsburgh... 3/ 14 10 1 33 38 0 9 0 9 222 
Reading. ......- 0 0 1 5 1 | 0 0 0 4 36 
Scranton. -.-.-.-.-- 1 | ote 0 3 _) ae 0 | See 
| 
Obio: 
Cincinnati _ -.-- 2 | 2 6 l 8 14 0 4 0 10 146 
Cleveland ._---.- 1; 9%8 0 5 | 5 40 0 y 1 19 195 
Columbus __-.-- 2 | 3 3 2 6 2 0 1 0 1 107 
Toledo. - ; Oo; 1 1 1 3 13 0 4 0 6 81 
Indiana: 
Anderson 0 1 0 2 0 0 0 0 3 11 
Fort Wayne | 2 0 2 4 0 0 0 1 31 
Indianapolis 7 | acd 1 0 24 28 0 2 1 8 128 
Muncie a 0 - 0 0 1 3 0 0 1 1 14 
South Bend_-_-- | re 0 0 0 0 0 0 0 0 21 
Terre Haute 0 r 0 0 4 0 0 0 0 0 37 
Iinois: 
ID, 5; cubiimbacadil 0 el 0 0 8 0 0 0 0 1 12 
Chicago. -..-...- 8 38 4 10 62 302 0 41 0 29 802 
Eigin oigeinie 0 a 0 0 0 1 0 0 0 0 7 
7 aes _) Se 0 0 0 3 0 0 0 0 14 
Springfield. _..- 0 2 1 0 6 12 0 0 0 2 35 
Michigan: 
Detroit Se 4 2 0 29 14 84 0 15 0 39 204 
Flint ig 0 oe 1 : 13 | es 0 ) as 
Grand Rapids 0 2 1 0 23 0 0 0 2 44 
Wisconsin: 
Kenosha. ___-- |) 0 1 0 0 0 1 0 1 18 
Milwaukee__-_- Senco 0 5 5 35 0 6 0 5 100 
Racine cane | es 0 1 0 0 0 0 0 0 16 
_ Superior | eae 0 43 | 1 7 0 0 0 0 a 
Minnesota: | 
Duluth vanes —_—_ 1 245 3 2 0 1 0 1 19 
Minneapolis____ “} Sie 1 | 1 11} 30 0 1 1 1 123 
St. Paul pp RS 0 1 8' 10 0 2 0 10 63 
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City reports for week ended February 17, 1940—Continued. 
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State and city 


Diph- 
theria 
cases 


Influenza 





| 
Cases) Deaths 


Pneu- 
monia 
deaths 


Small- 


pox 


cases 


W hoop- 


ing 


cough 


cases 








Iowa: 
Cedar Rapids_- 
Davenport. _-__- 
Des Moines. -_-- 
Sioux City... -- 
Waterloo. .....- 

Missouri: 

Kansas City-_-_- 
St. Joseph___._- 
St. Louis. ...... 
North Dakota: 
) a 
Grand Forks. -- 
Minot See 
South Dakota: 
Aberdeen __...- 
Sioux Falls__._. 
Nebraska: 
Lineola........- 


Kansas 
Lawrence......- 
Toneka__.....-- 
Wichita. ....... 


Delaware: 
Wilmington. --_- 
Maryland: 
Paltimore. _.... 
Cumberland__-- 
Frederick __..... 
Dist. of Col.: 
Washington_-__- 
Virginia: 
Lynehburg___.. 
ae 
Richmond_.._-- 
Roanoke .....- 
West Virvinia: 
Charleston. .... 
Huntington --... 
Wheeling _.... 


Wilmington _.. 

Winston-Salem 
South Carolina: 

Charleston... _-. 

Florence _.....- 

Greenville_....- 
Geor’ia: 

Atlanta __...... 


cl = 


Lexineton__...- 
Louisville. ....- 
Tennessee: 


Nashville_...... 
Alabama: 
Rirmingham. .. 
| ees 
Montgomery... 


Arkansas: 
Fort Smith .... 
Little Rock... 
Louisiana: 
Lake Charles... 
New Orleans... 
Shreveport..... 
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City reports for week ended February 17, 1940—Coutinued 
























































| . 
Diph-| fluenz@ | yfeq- | Pnen- _ Small-|Tuber-| phaid W a Deaths, 
State and city theria |}—-—-————| sles | monia) pyar | POX | culosis| Sever | cout all 
CASES | Cos05' Deaths | °85¢5 deaths) cases | 25eS deaths cases | cases | C@USeS 
Oklahoma: 
Oklahoma City- = 0 0 9 1 0 1 0 0 55 
Tulsa cabana 0 BES | Sere. 1 | ae 0 |) es 
Texas 
Dallas alee 3 5 4 9 8 1 0 3 1 9 81 
Fort Worth__... DF Secccien 0 0 8 0 0 0 0 20 59 
Galveston. __--. See 0 4 3 1 0 0 0 0 17 
Houston awed 0 49 4 4 20 3 0 4 0 0 102 
San Antonio__.. 1 50 3 108 ll 0 0 10 1 5 78 
Montana: 
Billings eal Otcod 0 0 1 0 0 0 0 4 9 
Great Falls__..- |) Ese 0 0 3 0 0 0 0 0 4G 
Helena a. _, Ses 0 1 0 1 0 1 0 0 6 
Missoula. .....- 0 1 0 1 0 0 0 0 0 0 1 
Idaho: 
een |, Se 0 1 0 0 0 0 0 9 
Colorado: 
Colorado 
Springs......- | ee 0 0 2 1 0 0 0 0 17 
.,., as | See 0 2 7 rt) 0 3 0 3 76 
Pees. ...ccanee | ee, 0 6 2 4 0 1 0 0 14 
New Mexico: 
Albuquerque. -- | oe 0 0 1 0 0 2 1 6 11 
ah: 
Salt Lake City- | ae 0 43 3 9 1 1 1 37 25 
Washington: 
a 0 es 3 113 2 5 0 3 0 5 102 
Spokane__.....- 0 1 1 3 5 8 0 0 0 4 40 
ae | 0 44 5 15 0 0 0 0 39 
Oregon: 
Portland. .....-. 0 9 0 134 ll 2 0 0 0 3 08 
ee, 0 a ee |) ae 0 | 0 | nee 
California: 
Los Angeles... 1 134 4 7 7 30 0 20 0 13 411 
Sacramento. _._. 3 2 0 2 2 2 0 2 0 2 32 
San Francisco. - 1 1 0 1 7 12 0 10 1 6 180 
Meningococcus wae fl Meningococcus : 
; meningitis — ? meningitis —_ 
State and city ae litis State and city Sa > 
Cases |Deaths| SS® Cases |Deaths| “S®S 
| 
New York: || Kentucky: 
>, een 2 0 0 Lexington -.......... 1 0 0 
Pennsylvania: Alabama: 
Philadelphia__......- 1 0 1 Montgomery .-...-- 0 0 1 
ll PEERS. 1 1 0 || Louisiana: 
Minnesota: New Orleans_._....-- 0 0 1 
Minneapolis. -......-. 1 0 0 || Texas: 
Kansas: ee 0 0 1 
A 1 0 0 San Antonio_-_....... 1 0 0 
Maryland: California: 
Baltimore__.......... 2 0 0 Los Angeles__........ 0 1 0 
South Carolina: 
Charleston........... 1 0 0 





























Encephalitis, epidemic or lethargic.—Cases: San Francisco, 1. 
Pellagra.—Cases: Atlanta, 1; Birmingham, 2. 
Typhus ferer.—Cases: Lake Charles, 1; Fort Worth, 2. 














FOREIGN REPORTS 


CUBA 


Habana—Communicable diseases—4 weeks ended February 10, 1240.— 
During the 4 weeks ended February 10, 1940, certain communicable 
diseases were reported in Habana, Cuba, as follows: 





‘. 




















| j 
Disease | Cases Deaths Disease | Cases Deaths 
I i uiscstieminare-neominchinnine 14 | Kotani Tuberculosis = 5 1 
eee _% OeRoemesa ss | Typhoid fever nid 32 5 
FINLAND 


Communicable diseases—November 1939.—During the month of 
November 1939, cases of certain communicable diseases were reported 
in Finland as follows: 








Disease Cases _ || Disease Cases 
| | | 
ERE See ae eC ER ee ee 5il 
Influenza a le hl i intel 1,721 || Typhoid fever. _..........- te 14 
PORE TIN SIVOE occ cc ccincccccccssces 217 || Undulant fever_............... pes 1 
PU ss cc cndittncistwaentsenanes ll |) 





REPORTS OF CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND 
YELLOW FEVER RECEIVED DURING THE CURRENT WEEK 


Note.—A cumulative table giving current information regarding the world prevalence of quarantitiable 
diseases appeared in the PUBLIC HEALTH Reports of February 23, 1940, pages 342-345. A similar table will 
appear in future issues of the PuBL&i. HEALTH REpoRts for the last Friday of each month. 


Yellow Fever 


Brazil——For the period January 7-27, 1940, deaths from yellow 
fever (jungle type) have been reported in Brazil as follows: Espirito 
Santo State—Alfredo Chaves, 1; Cachoeiro Itapemirim, 2; Domingos 
Martins, 2; Itapemirim, 2; Joao Neiva, 3; Joao Pessoa, 1; Lauro 
Muller, 1; Santa Leopoldina, 4; Sao Felipe, 4; Serra, 2; Viana, 1; 
Rio de Janeiro State—Santo Eduardo, 1. 

Colombia—Caldas Department—La Pradera.—On January 30, 1940, 
1 death from yellow fever was reported in La Pradera, Caldas De- 
partment, Colombia. 
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